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Technical trading systems have become increasingly 
popular among foreign exchange market practitioners. It is 
expected that trading systems will continue to grow in 
popularity and therefore it is important to understand the 
nature of those systems. 
The trend-following trading system is the most common 
system used by professionals. This study examines two 
kinds of trend-following trading systems, the simple moving 
average trading system and the directional movement index 
trading system. The study covers U.S. dollar against 
Deutschemark daily exchange rate from January 1989 to 
December 1991. 
The findings are that the simple moving average 
trading system outperforms the more complex directional 
movement index trading system in general and technical 
analysis is more useful in short-term foreign exchange 
trading. 
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During the past ten years, the incorporation of 
technical analysis in trading strategies has become quite 
popular in Hong Kong. The rapid growth in the computers 
and telecommunications industry enable investors to use 
computer programs to enhance fundamental and technical 
analysis. Computer has become a powerful tool to 
investment management. The effort contributed from some 
leading financial mass media, like Economic Journal which 
generalized most investment theory and tools developed in 
United States to its readers, is remarkable. 
Even in the United States, before the appearance of 
the financial futures markets in the mid-1970s, the use of 
"technical" analysis using charts and statistical methods 
was considered "voodoo" by the more conservative sectors of 
the investment community. 
Nowadays, there are more than two hundred kinds of 
technical indicators routines available to investors. 
Among which, about twenty most popular methods can be found 
on those widely employed real-time financial data services 
like Reuters and Telerate. Further advances on the way 
include the applications of artificial intelligence and 
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advanced decision-theory models for making investment 
decisions. 
However, there are limited number of investment 
software programs available in Hong Kong. Investors have 
no idea of the trading performance of those technical 
indicators under different market conditions. Software 
programs provided from those leading financial information 
network operators, like Telerate, still have some 
limitations in the time frame covered. Very often, only 
two hundred data items can be tested (i.e. about one year 
period for daily data), which may not be long enough to see 
if those indicators under test can survive during period of 
both trendy and range markets. Few articles has been 
published on the performance of those technical indicators• 
It is therefore the desire that some sort of effort should 
be done to fulfill that niche. 
Two popular "trend following" trading methods, namely, 
the Simple Moving Average Trading System and the 
Directional Movement Index Trading System are studied. The 
U.S. dollar against Deutschemark daily price movement from 
January 1989 to December 1991 is covered. The researcher 
wants to find out what exact "length" of parameters 
employed in the two methods work best in terms of net 
profit and other measures during the testing period. It is 





THE GROWTH AND CHANGING CHARACTER 
OF THE FOREIGN EXCHANGE MARKET 
Since the breakdown of stable foreign exchange rates 
during the Nixon administration in 1973, exchange rates 
have floated freely between the U.S. dollar and other major 
currencies. During the past ten years, there have been 
some dramatic changes in the foreign exchange market. 
Three Economic Blocs 
The U.S. dollar is not so important as it used to be. 
By the end of 1985, Japan became the world's largest 
creditor nation, moving past Britain into the top spot 
among the international investors、 The rise of Japan to 
an economic superpower and therefore the increasing trade 
and investment flows in and out of Japan, making Japanese 
A 
yen as the second most widely traded nondollar currency in 
the foreign exchange market. 
On the other hand, the appearance of European 
Community trade bloc in 1992 makes the European Currency 
Business News, "Japan takes over as top creditor", 
South China Morning Post, May 28 1986. 
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Unit (ECU) popular among international financial markets• 
With increasing number of European countries, like United 
Kingdom and Portugal enter to the European Monetary System 
(EMS), there is a gradual decline in the continental 
currencies trading. Trading in that group has tended to 
become more concentrated in the Deutschemark which 
approximately takes a weight of thirty percent in the ECU. 
The world is separating into three economic blocs, the 
North America, the European and the Asia countries. This 
trend has been directing the focus of the foreign exchange 
market. 
Increase of Trading Volume 
"There has been an enormous change in the sheer size 
of the foreign exchange market the turnover was 
estimated to be grown by ten- to twelve-fold in the past 
decade and reached $400 billion a day", according to M r . 
Cross!, an executive vice-president of the Federal Reserve 
Bank of New York and senior officer in charge of the bank's 
foreign operations. A BIS Survey of Foreign Exchange 
Market Activity reports that a net daily average total of 
about $430 billion is obtained on spot business contracted 
in the month of April 19893. 
\ Cross, Sam Y . , International Capital M a r k e t s _ N ^ 
Directions. New York Institute of Finance, 1989. p.85. 
"Survey of Foreign Exchange Market Activity", BANK FOR 
INTERNATIONAL SETTLEMENTS, Monetary and Economic 
Department, Basle, February 1990, p.3. 
5 
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Shift in Customer Base 
Another thing worth to note is that there has been an 
important change in the customer base of the foreign 
exchange market. In the seventies, foreign exchange 
transactions relied heavily on importers and exporters. 
Nowadays, a major role is played by the investment funds, 
the insurance companies, and the pension funds• Large 
commercial and industrial companies have come to engage 
more actively in the foreign exchange market• They even 
step into arbitrage and position-taking activities that 
were once mainly the preserve of banks and other dealers. 
Twenty-four Hours Global Market 
A further development is that the twenty-four hours 
market has become an operational reality. The emergence of 
new trading centers in the Australia and New Zealand time 
zone now bridge the gap in business hours between New 
York's closing and Tokyo's opening. A seamless flow of 
trading activity is now possible. 
The very rapid growth of the Tokyo, Singapore and Hong 
Kong markets has added liquidity to the Asian trading time 
zones. 
The Hong Kong Futures Exchange is going to open a 
currency contract market for 18 to 20 hours per day so as 
to capture the whole trading period from Tokyo's opening to 
6 
New York's closing^. 
The rapid growth in financial futures and options 
markets also brings a much greater variety in the 
instruments used in foreign exchange market, resulting in 
a remarkable improvement in the liquidity of the futures 
market and a closer integration of the futures market with 
the traditional spot foreign exchange market. 
Growth in the Use of Computer 
Access to information has broadened considerably in 
the past decade. Sophisticated mechanisms for organization 
and management of the information have been developed. 
With the modern advance in telecommunication 
technology, a vast amount of information from all over the 
world is instantaneously available to more and more market 
participants• There is a much greater need to organize and 
manage these data. This need has fostered the development 
of digital technology, permitting direct feed of 
information into computers, and the development of software 
to record, to filter, to analyze and to interpret it. 
The belief in mechanical explanations of exchange rate 
behaviour; has gained favor and facilitated the growth in 
the use of computer charting and technical analysis• 
\ Staff reporter, "Futures Exchange to launch currency 





FORECASTING OF FOREIGN EXCHANGE RATE 
Methods of forecasting foreign exchange rates range 
from fundamental analysis of macroeconomics and monetary 
policies to technical analysis of charts and indicators. 
Before going further, two different theories concerning the 
market behaviour are presented as a base for this study. 
Efficient Market Hypothesis and 
Random Walk Theory 
"An efficient market is one in which the prices of 
traded securities readily incorporate new information''^ 
said Alan Shapiro. 
The Hypothesis 
The efficient market hypothesis assumes that no market 
price can be in disequilibrium or improperly priced for 
very long and that information travels in a random, 
independent fashion and that prices are an unbiased 
reflection of all currently available information. 
Shapiro, Alan C., Multinational Financial Management. 
Allyn and Cacon, fourth edition, 1992, p.18 
/ 
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The efficient market hypothesis is stated and tested 
in three different forms; The weak form (also known as the 
random walk theory), the semi-strong form, and the strong 
form®. 
The weak-form of the efficient market hypothesis is 
the case that prices reflect all information contained in 
the record of past prices. Researchers have tested the 
hypothesis in two different ways. One of them is the tests 
of independence^ and the statistical results suggest that 
prices generally do not produce any more runs that would be 
expected through the process of random number generation. 
The other method is known as the trading rule or filter 
tests、 which results that return provided from trading 
rules approach cannot out perform a simply buy-and-hold 
strategy. The random-walk research' shows that the market 
is at least efficient in the weak-form. 
The semi-strong form of the efficient market 
hypothesis is the case that securities prices reflect all 
public information. The strong-form of the efficient 
market hypothesis states that prices reflect not only 
Brealey, Richard A . and Myers, Stewart C., Principles 
of Corporate Finance - McGraw-Hill, third edition, 
1988. pp. 287-88. 
Fama, Eugene F., "The Behavior of Stock Market 
Prices," Journal of Business, January 1965, pp. 34-
105. 
g. Fama, Eugene F. and Blume, Marshall, "Filter Rules and 
Stock Market Trading Profits," Journal of Business, 
supplement, January 1966, pp. 226-41. 
9. Alexander, Sidney S., "Price Movements in Speculative 
Markets: Trends or Random Walks," Industrial 
yianagement Review, May 1961, pp. 7-26. 
V 
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public information but all acquirable information. In 
other saying, the strong-form of the efficient market 
hypothesis suggests that the market is perfect. 
Implications 
Results of academic researches uphold the weak-form of 
the efficient market hypothesis. In other words, price 
changes are random. The implication is that past trends 
cannot be used to predict the future, suggesting that the 
value of technical analysis is limited. 
Chaos Theory 
Definition 
"Chaos" is defined as a system in which the behaviour 
of things appears to be completely random when measured by 
statistical tests but which, in reality, follows a set of 
rules, at least partially^®. As the system's rules are 
established, the phrase "deterministic" is often used. 
Phenomena in Foreign Exchange Market 
Deterministic chaos arises when a system is dominated 
by some so called "snowballing effects". 
Tvede, Lars, "What 'chaos' really means in financial 
markets," Futures. January 1992, pp.34-36 
I 
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In the foreign exchange market, examples of 
snowballing effects are:, 
1. Trade-originated loop 
An importer buys one hundred million U.S. dollars from 
his banker. The bank's dealer than buys the dollar 
back from the interbank market, in addition, he buys 
two hundred million dollars more for his own book. 
2. Chartists loop 
Rising prices then issue some kind of "technical buy 
signals" to short-term traders, which encourage 
further rises in the dollar. 
3. Stop-loss loop 
Escalating prices create an atmosphere that those who 
had short sell dollar are forced to buy dollar back 
with stop-loss orders. These stop-loss buy orders in 
term strength an already rising market. 
4. Computer trading loop 
Computer trading systems usually generate another 
round of buy signals on the condition that a technical 
resistance level is breached and the subsequent 
actions lead to new price increases. 
5. Media loop 
Market analysts and economists can always find reasons 
to justify why price going up and messages are 
transmitted through mass media which in term draw more 
people attention to the dollar rising trend. Some of 
them may then follow to buy dollar, which strengthens 
the original rise. 
• V 
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6. Liquidity loop 
As the dollar rising trend continue, those already 
long dollar speculators' capital expand. And they 
have more margin on account to pyramid up their 
positions, which pressing dollar up further. 
In the above situations, the market system creates a 
self-generated signal and gives the self-reinforcing 
factors a tendency to synchronize into a locked phase. 
This locked phase, perceived as a trend, creates a basis 
for technical analysis. 
If there are no other factor to interrupt the phase, 
dollar will rise continually. However, this is not the 
case, in fact, some kind of breaking forces may then appear 
to counter-act the trend. One of them is the profit-taking 
loop, in which speculators square their positions to take 
profit. This negative feedback loop can give rise to a 
correction or a consolidation phase. 
Another negative force occurs when prices have jumped 
outside the broadly probable levels suggested by 
fundamental and economic analysis. The recent recovery of 
dollar-mark exchange rate from a low of 1.5030 in January 
to 1.6860 in March is a good example of this. Investors 
ignore the interest rate differential disadvantage between 
Germany and U.S., expecting U.S. economic recovery is 
undergoing and simply buy dollar. Their actions stop and 
reverse the decline of U.S. dollar starting in inid-1991. 
In addition, a trend can be exhausted solely because 
there is no more people are willing to buy or sell at that 
12 
particular high or low level. The recent rise of Hang Seng 
Index in March to a record high just below 5,100 and then 
turn down is a good example of that kind of breaking force. 
Implications 
The chaos theory suggests a new dimension to look at 
the "random" behaviour of market prices. In fact, a system 
that is subordinated to deterministic chaos will often be 
interpreted by normal statistical tests as showing a random 
walk. Probably this is the reason why so many academics 
see "proof" of a random walk price behaviour in financial 
markets where practitioners do not agree with. 
The chaos theory suggests that the behaviour of a 
deterministic system is predictable in short-term once you 
know the set of rule governing the changes. However, the 
long-term predictability is so low that one can consider it 
as formidable, and therefore it makes most long-term 
technical analysis nearly meaningless. 
Fundamental Analysis in Forecasting Foreign Exchange Rate 
Fundamental analysis involves the study of government 
policies, monetary policies, and macroeconomic variables. 
By then, one try to understand how those factors affect the 
supply of and demand for a country's currency. 
Primary factors that affect exchange rates include: 
1. Confidence in Government 
International investors are attracted to countries 
I-
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with a stable political environment. The performance 
of sterling against. Deutscheiaark is a good example of 
this. Months before the election in United Kingdom, 
sterling are under strong selling pressure as the 
Labour Party led the Conservative Party in the polling 
survey. Investors were afraid that Labour Party 
winning will change the establish policies. One 
straight forward way to avoid that political risk was 
to withdraw capital from United Kingdom. Hence, 
sterling-mark was traded from 2.8800 down towards 
2.8300 in March. Surprisingly, the Tory won the 
election and the sterling-mark surged from below 
2•8500 to over 2.9150 in just a few days. Strong 
confidence in government will encourage foreign 
investment in that country. 
2. Economic Condition of a Country 
A government that pursue economic growth in the 
private sector, privatization of state-owned 
enterprises, low tax rates, anti-inflationary 
policies, competitive labour conditions will attract 
the influx of foreign capital. That investment flow 
creates a demand for the country's currency, and its 
value rises. The recent rise of U.S. dollar against 
Deutschemark from 1.5030 in January to as high as 
1.6860 in March is based on the belief that U.S. 





3. Interest Rate Differentials and Inflation Rate 
Differentials , 
A rise in real interest rates and yields on government 
obligations can increase the value of a country's 
currency. Both the interest rate differential and the 
inflation differential will affect the flow of 
international hot money. During last December, the 
move of Bundesbank raising the Germany lombard rate 
and the Federal Reserve cutting the U.S. discount 
rate, send the dollar-mark exchange rate from around 
1.6000 level down to as low as 1.5030. Investment 
flow chasing for higher yield can determine the 
foreign exchange rate in the short to medium term and 
outweigh most long-term economic factors. 
4. Balance of Payments and Foreign Exchange Earnings 
A country that earns more from export sales than it 
spends on imports produces a balance of payments 
surplus. A surplus of foreign exchange earnings 
strengthens a country's currency. Taiwan's export 
oriented economy in the eighties help it to buildup a 
huge foreign exchange reserve (U.S. dollar 83.21 
billion in Feb. 1992") and the New Taiwan Dollar 
appreciates throughout the time accordingly. In 
addition, a decrease in trade gap can be interpreted 
as a good news for a country. The States just 
announces that its trade deficit has been narrowed to 
ECO 076(H), Knight Ridder Financial News. April 16, 
1992. 
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nine years' low and that news buoys the U.S. dollar. 
In reality, research and interpretation of 
macroeconomic data requires a substantial amount of work in 
reading. People may not have the necessary academic 
training to understand and interpret those data available 
from monetary reports issued by central banks, commercial 
banks, government agencies, financial periodicals, and 
private research organizations. Besides, fundamental 
analysis cannot provide a clear signal to initiate a 
transaction. These may be the reasons why so many 
individual and institutional investors prefer the use of 
technical analysis in order to form an opinion about 
exchange rates. 
Technical Analysis in Forecasting Foreign Exchange Rate 
Technical analysis was first been developed in the 
commodities markets. Commodity technical analysis is 
defined as "An investigation into the properties of 
commodity price movement, using prices, volume and open 
interest, by application of specific, well-defined rules or 
equations • 
"Day in, day out, while the winds of change gust and 
the spotlight of reportage dances about like lightning, the 
most important news in the world, certainly the most useful 
news in the world, is prices", wrote by Martin Mayer on the 
Kaufman, P. J., Technical Analysis in Commodities, 
John Wiley & Sons, 1980• p.7. 
I-
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first chapter of his b o o k〜 Technical analysts believe 
that everything is reflected in the price. It is not 
necessary to study fundamental data because its effect has 
been reflected in the market price. The direction and 
amplitude of price movements reflect the supply and demand 
of the underlying asset. One can tell how others are 
thinking and trading by monitoring the price movements. 
Another principle technical analysis based is that prices 
move in trends and trends persist. Market action is 
repetitive and prices act in consistent ways under similar 
situations. Study of historical price movements is 
valuable. Finally, technical analysis can be applied 
effectively to virtually any trading medium and time 
horizons. 
Technical analysis of foreign exchange rates can be 
simplified by asking these questions: 
1. What is the current direction of a currency's price 
versus another currency (usually the U.S. dollar)? 
2. Is the exchange rate rising, declining, or moving 
sideways (consolidation) without a trend? 
3 • What are the turning points that signify a change in 
direction? 
4. When is the exchange rate perceived to have changed 
direction? 
Mayer, Martin, Markets: who plavs. who risks. who 
gains， who loses• W . W . Norton & Company, first 
edition, 1988, p . 10. 
17 
p 
Other Factors Influencing Foreign Exchange Rate 
Others factors influencing foreign exchange rate 
include central bank intervention and emotive factors. 
Central bank intervention is not unusual even in the free 
float exchange mechanisia. One of the central bank 
intervention objectives is to stabilize the exotic market 
condition. Central bank intervention may also aim to 
interrupt undesirable market move. However, any central 
bank intervention without any corresponding change in 
monetary policies to work with can only result in very 
limited short-term effect. The Bank of Japan sold dollar 
against yen during March was a typical example. Market 
players regarded the selling as a good chance to buy 
"cheap" dollar when the Bank of Japan was selling it. 
Emotive factors play an important role on short-term market 
movement. Market sentiments can sometimes outweigh long-
term economic assessment in directing the market movement. 
With a bullish market sentiment, market will pay less 
attention to negative economic figures and even react in 





Collection of Data 
This study is based on dollar-mark daily price data as 
Deutschemark is the most actively traded currency against 
U.S. dollar. Data are obtained from various sources 
including Reuters and Knight Ridder financial services. 
Data are cross checked in order to assure a high level of 
accuracy. 
The testing period begins from January 1, 1989 to 
December 31, 1991. Daily price data before January 1, 1989 
are obtained in order to provide a base for calculation of 
trading information needed during the testing period. 
Figure 1 shows the whole data set together with a 50-days 
moving average. I want to choose a period long enough to 
cover both bullish and bearish cycle containing both high 
and low volatility price movement. 
Normally, daily price data cover the trading time 
zones beginning with Tokyo‘s opening and ending with New 
York's closing. All trades are assumed to be executed at 
the closing price. Neither slippage costs or interest 
costs are included in the calculation of trading 
performance. The reason behind is that dollar-mark is such 
an actively traded item, that the market can provide 
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adequate liquidity. The interbank bid/ask prices are so 
competitive that it is not unusual to obtain an either way 
prices in quiet market. On the other hand, interest rate 
differential is one of the primary forces that drives the 
international investment flow, therefore, a trend-following 
trading system should not suffer long from disadvantage 
interest rate differential. 
Selection of Trading Systems 
This research is going to study trend-following 
trading systems which are most widely used in the financial 
markets• 
Trading systems such as Moving Average Oscillator, 
Moving Average Convergence Divergence (MACD), Momentum 
Oscillator, Relative Strength Index (RSI) and Stochastics 
(%K %D) are considered as non trend-following systems which 
are out of the scope of this study. 
Wave theory and pattern recognition employed by 
chartists are not objectively stated and hence are excluded 
from the study. Market profile, a growing popular trading 
system, is mostly used in intraday trading and is therefore 
not chosen in this interday based study. 
Both moving average and directional movement index are 
popular trend-following trading systems. Market 
practitioners use them widely from five-minute chart to 
yearly chart. Given that kind of flexibility, they are 
chosen as the study subjects. There are three different 
kinds of moving averages, namely, the simple moving 
21 
average, the linear weighted moving average and the 
exponential weighted moving average. Previous researcher^* 
has found out that the simple moving average outperforms 
the other two moving averages and that is why only the 
simple moving average trading system is chosen in the 
study. 
construction of Trading Systems 
Simple Moving Average Trading System 
Moving average is a mathematical way to smooth the 
daily fluctuation of price data. In a simple moving 
average calculation, equally weight is placed on each past 
data involved. 
The simple moving average (S.M.A.) of N periods at 
closing prices is calculated as follows: 
S.M.A.(N) = summation Close(M-i+l) / N (i: 1 to N) 
where M = this period, N = number of periods 
The N periods simple moving average system trading 
rules are: 
1. Enter long (or exit short) position if: 
S.M.A.(N) < Close(N); 
2. Enter short (or exit long) position if: 
S.M.A.(N) > Close(N)• 
Hochheimer, Frank, "Moving Averages, An Explanation 
and Computerized Testing of Simple, Linear, and 
Exponentially Smoothed Moving Averages," in P.J. 
Kaufman, Technical Analysis in Commodities, 1980, New 
York, Ronald Press, John Wiley & Sons. 
t. 
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where S.M.A. (N) is the N days Simple Moving 
Average value at day N and Close(N) is the 
closing value of day N . 
As one can easily observe, this is an always in the 
market system. Every time a long position is closed out, 
a new short position will be taken at the same time and 
vice versa. Figure 2 shows a typical high-low-close chart 
for the year 1991 and a 10-days simple moving average is 
plotted on the chart. A typical technical analysis routine 
(Relative Strength Index) is plotted on the same chart. In 
this study, the parameter N is varied from two to fifty, 
hoping that both long (more than one month) and short-term 
trading horizons are covered. 
Directional Movement Index Trading System 
The Directional Movement Index (DMI) was first 
described by J . Welles Wilder in "New Concepts in Technical 
Trading System", the same person who developed the Relative 
Strength Index (RSI), the Parabolic System and the Reaction 
Trend System (Pivot Points). 
The DMI system use a scale of zero to one hundred to 
help traders identifying trends of the market and providing 
trading signals. There are three lines used most often. 
The +DI line, usually appears as a dotted line in most 
technical analysis charting software graphic, represents 
the strength of the upward force. The -DI line, denoted in 
broken line, represents the strength of downward force. 
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Figure 3 shows a dollar-mark four months high-low-
close chart. A 10-days +DI line and -DI line are plotted 
at the lower part of the chart. Another technical 
indicator called the Parabolic (SAR) is also shown. 
Another line, called the ADXR, is usually plotted in a 
separate chart. The ADXR is used to indicate the strength 
of an underlying trend. The higher the value of ADXR, the 
more trendiness of the underlying item. ADXR can be used 
as a filter to find out whether a trend is developing and 
hence provides a clue whether a trend-following trading 
system should be employed. 
In this study, only the +DI line and the -Di line are 
used to generate trading signals. ADXR is not employed in 
our study as one want to know how well a trend-following 
system can perform in both trendy and sideways markets. 
The Directional Movement Index is calculated as 
follows (here a 14-period value is used): 
1. True Range (TR) is defined as the larger of the 
following: 
a. Current High and previous period's Low; 
b . Current High and previous period's Close; 
c . Current Low and previous period's Close, 
where TR is always expressed as a positive number. 
TR[14] = 14-period sum of TR and the Average 
True Range ATR[14] = TR[14]/14. 
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2. +DI[14] = +DM[14]/TR[14]. 
where +DM = current period's High minus previous 
period's high, and +DM[14] = 14-period sum 
of +DM. 
3. -DI[14] = -DM[14]/TR[14]• 
where -DM = current period's Low minus previous 
period's low, and -DM[14] = 14一period sum of 
-DM. 
4. ADX = DX[14]/14 
where DX = (+DI[14] - -DI[14]) / (+DI[14] + -
DI[14]). DX[14] = 14-period sum of DX. 
5. ADXR = (ADX + ADX[14])/2. 
where ADX = Current ADX value and ADX [14] = ADX 
value 14 periods ago. 
The trading rules under the N-period DMI system are: 
1. Enter long (or exit short) position if: 
+DI(N,i) > -DI(N,i); 
2. Enter short (or exit long) position if: 
+DI(N,i) < -DI(N,i). 
where +DI(N,i) and -DI(N,I) are the N period +DI 
and -DI values at day i. 
27 
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Evaluation of Trading Performance 
"Successful commodity trading boils down to three 
principles. They are as old as trading itself, emphasized 
in every book on the subject, and well-known to every 
trader: 1. Follow the Trend. 2. Cut losses short. 3. Let 
profits 
Undoubtedly, a trading system is of little use if it 
cannot generate profit to its user. In the performance 
report, profit is measured in term of net change in the 
foreign exchange rate. For example, if the system enters 
into long dollar position against mark in April 15 1992 at 
the rate 1.6520 and then exits the long position in April 
17 1992 at 1.6880, then there is a net profit of 0.0360 
(1.6880-1.6520), which represents an increase of 2.18% 
(0.0360 / 1.6520 * 100%) for the capital employed. 
In the performance report, there are columns given 
information on Total Number of Closed Transactions, Total 
Number of Profitable Transactions, Total Number of Losing 
Transactions, Percentage of Profitable Transactions and 
Percentage of Losing Transactions. Any open position at 
the end of the testing period is closed out automatically 
and reported as an additional closed trade. This mark to 
market procedure can provide a better understanding of the 
profitability of the system under test. A break even trade 
B• Babcock, Bruce, Jr., The Dow-Jones-Irwin Guide to 




is considered as a losing trade as there must be some cost 
incurred to handle that jtransaction. 
The total number of closed transactions gives 
information on how frequent the system initiate a position. 
Statistically speaking, the smaller the number of 
transactions generated by the system, the less reliable is 
the test. For general statistical reliability, thirty data 
points are an acceptable minimum. Statistical reliability 
is important because it relates to the probability that the 
trading system historical results will be applicable in the 
future. The percentage of profitable transactions and the 
percentage of losing transactions give trader an indication 
of how often he would has to accept win and loss. 
Information on the Best Transaction, the Worst 
Transaction, Cumulative Closed Profit, Cumulative Closed 
Loss, Average Profit per Profitable Transaction, Average 
Loss per Losing Transaction and Ratio of Average Profit to 
Average Loss are also presented. The best transaction and 
the worst transaction give an idea of the extremes that the 
system reaches. The average profit per profitable 
transaction measures how well the system is letting profits 
run. The average loss per losing transaction measures how 
well the system is cutting losses. The ratio of average 
profit to average loss, combining with the percentage of 
profitable transaction, provide a basis for the evaluation 
of return to risk level. 
The Current Net Profit or Loss, the Recorded Highest 
Net Profit, the Sample Standard Deviation , the Sharpe 
29 
Ratio and the Profit or Loss per Transaction are also 
listed for each trading system. The current net profit or 
loss is the sum of cumulative closed profit and the 
cumulative closed loss. The recorded highest net profit is 
the highest level of net profit ever attain during the 
testing period. The sample standard deviation of profit 
and loss from each trade for each individual system is 
calculated. The sharpe ratio is calculated from dividing 
the current net profit or loss by the sample standard 





RESULTS AND FINDINGS 
Simple Moving Average Trading System 
In table 1, total number of closed transactions, total 
number of profitable transactions, total number of losing 
transactions, percentage of profitable transactions and 
percentage of losing transactions are listed for the forty 
nine periods under tested. 
All those simple moving averages with different 
periods generate more than thirty transactions during the 
three years testing period. There is a trend that as the 
number of periods used in calculating the moving average 
increases, the number of transactions generated decreases. 
This suggests that a faster moving average (a small number 
of periods) is more sensitive to price change and hence a 
higher chance of initiating a transaction. Another finding 
is that no individual period employed can produce a 
percentage of profitable transaction over fifty percent. 
The average percentage of profitable transactions is only 
26.49%. Besides, the fastest one (2-days S.M.A.) obtains 
the highest percentage of profitable transactions (35.66%) 
and the slowest one (50-days S.M.A.) gets the lowest 
percentage of profitable transactions (15,56%)• 
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TABLE 1 
Simple Moving Average Trading System Performance 
Report: Number of Transactions 
『 二 " 一 一 " ^ 二 P E R C E N T A G E P E R C ^ T A G E 
‘‘ MNVTVR N O OF N O . O F N O . OF OF OF 
A S E C L O S E D P R O F I T A B L E L O S I N G P R O V A B L E L ^ N G 
(DAYS) T R A N S . T R A N S . T R A N S . T P A N S . T R A N S . 
===«===========二=========== - 77" TASr 
373 133 240 35.66% 6 4 . 3 4 J 
I 278 96 182 34.53% 6 5 . 4 7 % 
】 222 77 145 34.68% 6 5 . 3 2 % . 
T ？86 61 125 32.80% 67.20% 
I lit 51 113 31.10% 6 8 . 9 0 % 
^ L E I 48 117 29.09% 7 0 . 9 1 % 
I 1 5 1 45 X06 29.80% 7 0 . 2 0 % 
I 143 40 103 27.97% 7 2 . 0 3 % 
137 37 . 100 27.01% 72.99% 
II 126 32 94 25.40% 7 4 . 6 0 % 
〒； 112 30 82 26.79% 73.21% 
G I I I 31 75 29.25% 7 0 . 7 5 % 
H 106 31 75 29.25% 7 0 . 7 5 % 
]T I S 29 69 29.59% 7 0 . 4 1 % 
II 96 26 70 27.08% 7 2 . 9 2 % 
SI 26 68 27.66% 7 2 . 3 4 % 
11 92 25 67 27.17% 7 2 . 8 3 % 
86 25 61 ‘ 29.07% 7 0 . 9 3 % 
II 24 56 30.00% 7 0 . 0 0 % 
II 76 22 54 28.95% 7 1 . 0 5 % 
70 20 50 28.57% 7 1 . 4 3 % 
68 19 49 27.94% 7 2 . 0 6 % 
11 1 1 18 50 26.47% 7 3 . 5 3 % 
It ll le 50 24.24% 75.76% • 
11 11 Is 52 23.53% 76.47% 
11 16 48 25.00% 7 5 . 0 0 % 
;L 68 17 51 25.00% 7 5 . 0 0 % 
11 72 17 55 23.61% 7 6 . 3 9 % 
I I 72 16 56 22.22% 77.78% 
11 73 17 56 23.29% • 7 6 . 7 1 % 
II 7 1 17 54 23.94% 7 6 . 0 6 % 
69 14 55 20.29% 7 9 . 7 1 % 
II 65 16 49 24.62% 7 5 . 3 8 % 
LL 63 16 47 25.40% 7 4 . 6 0 % 
11 59 15 44 25.42% 7 4 . 5 8 % 
59 15 44 25.42% 7 4 . 5 8 % 
38 IS 15 40 27.27% 7 2 . 7 3 % 
I I 53 14 39 26.42% 73.58% 
40 53 14 39 26.42% 73.58% 
I I 53 14 39 26.42% 73.58% 
I I i l 13 38 25.49% 74.51% 
. I3 49 13 36 26.53% 7 3 . 4 7 % 
TI 12 35 25.53% 7 4 . 4 7 % 
I5 JJ 1 1 36 23.40% 7 6 , 6 0 % 
L!" 45 11 34 24.44% 7 5 . 5 6 % 
I7 I I 10 35 22.22% 77.78% 
11 47 11 36 23.40% 7 6 . 6 0 % 
I I 41. 7 34 17.07% 82.93% 
50 45 7 38 15.56% 8 4 . 4 4 % w --— • 
一 一 一 一 丨 • • 一 一 麵 一 一 年 资 
M A X 373 133 240 35.66% 8 4 . 4 4 % 
^ 4 1 7 34 15.56% 6 4 . 3 4 % 




Table 2 summarizes the best transaction, the worst 
transaction, cumulative ‘closed profit, cumulative closed 
loss, average profit per profitable transaction, average 
loss per losing transaction and the ratio of average profit 
to average loss for each period. 
The 2-days moving average generates the highest 
cumulative closed profit of 2.9519 and the 3-days moving 
average generates the highest cumulative closed loss of -
1.9278. The 48-days and the 44-days moving averages scored 
the lowest cumulative closed profit (0.8270) and the lowest 
cumulative closed loss (-0.5411) respectively. This result 
together with the pervious finding that the faster moving 
averages generate more number of transactions suggesting 
that the more frequent the transaction generated, the 
higher the cumulative closed profit and the cumulative 
closed loss. 
Figure 4 is a graphical presentation of the cumulative 
closed profit, cumulative closed loss and the sum of them 
(i.e. the net profit or loss) for each period of moving 
averages under tested. There is a steady convergence of 
the band width as the periods of moving average employed 
increase. 
Figure 5 shows the average profit per profitable 
transaction and the average loss per losing transaction. 
The average profit per profitable transaction has a mean 
value of 0.0571 and the average loss per losing transaction 
has a mean value of -0.0144. This gives a ratio of 3.9653 
(0.0571/0.0144). In fact, the slower the moving average 
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TABLE 2 
Simple Moving Average Trading System Performance 
Report: Trading Performance 
- = = - a = = ! ! ： . 〜 - — 
S I M P L E A V G . P R O F I T A V G . L O S S R A T I O O F 
M O V I N G C U M U L A T I V E C U M U L A T I V E P E R P E R A V G . P R O F I 
A V E R A G E B E S T W O R S T C L O S E D C L O S E D P R O F I T A B L E L O S I N G T O 
(DAYS) T R A N S . T R A N S . P R O F I T L O S S T R A N S . T R A N S . A V G . L O S S 
一 2 " " " " O 7 I 5 9 5 ~ - O T O 4 5 5 2 . 9 5 1 9 - 1 . 8 9 5 5 0 . 0 2 2 2 - 0 . 0 0 7 9 2 . 8 1 0 2 
3 0 . 1 6 0 8 - 0 . 0 4 5 0 2 . 2 7 9 0 - 1 . 9 2 7 8 0 . 0 2 3 7 - 0 . 0 1 0 6 2 . 2 4 1 2 
4 0.'1720 -0.0455 2.0427 -1.6517 0.0265， -0.0114 2.3289 
5 0 . 2 1 5 0 - 0 . 0 4 5 5 2 . 0 0 5 6 - 1 . 4 1 2 8 0 . 0 3 2 9 - 0 . 0 1 1 3 2 . 9 0 9 0 
6 0 . 2 1 5 0 - 0 . 0 4 5 5 1 . 8 4 2 9 - 1 . 3 6 3 1 0 . 0 3 6 1 - 0 . 0 1 2 1 2 . 9 9 5 6 
7 0 . 2 1 5 0 - 0 . 0 4 5 5 1 . 7 6 3 6 - 1 . 3 5 8 4 0 . 0 3 6 7 - 0 . 0 1 1 6 3 . 1 6 4 6 
8 0 . 2 0 6 0 - 0 . 0 4 5 5 1 . 7 4 5 5 - 1 . 2 4 2 3 0 . 0 3 8 8 - 0 . 0 1 1 7 3 . 3 0 9 7 
9 0.2060 -0.1005 1.4892 -1.3618 0.0372 -0.0132 丨 2.8159 
10 0 . 2 0 6 0 - 0 . 1 0 0 5 1 . 4 7 0 5 - 1 . 3 2 3 5 0 . 0 3 9 7 - 0 . 0 1 3 2 . 3 . 0 0 2 9 
1 1 0 . 2 0 8 0 - 0 . 1 0 0 5 1 . 4 7 8 1 - 1 . 2 3 6 9 0 . 0 4 6 2 - 0 . 0 1 3 2 3 . 5 1 0 3 
12 0 . 2 0 2 7 - 0 . 1 0 0 5 1 . 3 8 9 2 - 1 . 0 9 1 8 0 . 0 4 6 3 - 0 . 0 1 3 3 3 . 4 7 7 9 
13 0 . 2 0 2 7 - 0 . 1 0 0 5 1 . 3 9 1 3 - 0 . 9 9 2 1 0 . 0 4 4 9 - 0 . 0 1 3 2 3 . 3 9 2 9 
14 0 1 9 3 0 - 0 . 0 8 8 0 1 . 3 7 8 8 - 0 . 9 6 3 6 0 . 0 4 4 5 - 0 . 0 1 2 8 3 . 4 6 1 8 
15 0 . 1 9 4 5 - 0 . 0 8 8 0 1 . 3 2 6 0 - 0 . 9 1 9 8 0 . 0 4 5 7 - 0 . 0 1 3 3 3 . 4 3 0 1 
16 0 . 1 9 4 5 - 0 . 0 8 8 0 1 . 3 4 0 9 - 0 . 9 2 2 1 0 . 0 5 1 6 - 0 . 0 1 3 2 3 . 9 1 5 1 
17 0 . 1 9 4 5 - 0 . 0 8 8 0 1 . 3 1 4 7 - 0 . 9 2 0 1 0 . 0 5 0 6 - 0 . 0 1 3 5 3 . 7 3 7 0 
18 0 . 1 9 3 0 - 0 . 0 8 1 4 1 . 2 7 9 8 - 0 . 9 2 0 0 0 . 0 5 1 2 - 0 . 0 1 3 7 3 . 7 2 8 1 
19 0 . 1 9 3 0 - 0 . 0 8 1 4 1 . 2 5 2 8 - 0 . 8 9 3 8 0 . 0 5 0 1 - 0 . 0 1 4 7 3 . 4 2 0 0 
20 0 . 1 9 1 5 - 0 . 0 8 1 4 1 . 2 6 3 5 - 0 . 8 4 8 7 0 . 0 5 2 6 - 0 . 0 1 5 2 3 . 4 7 3 7 
2 1 0 . 1 9 1 5 - 0 . 0 8 1 4 1 . 1 9 0 4 - 0 . 8 3 7 4 0 . 0 5 4 1 " 0 . 0 1 5 5 3 . 4 8 9 2 
22 0 . 1 8 8 6 - 0 . 0 3 9 4 1 . 1 2 4 3 - 0 . 7 3 4 9 0 . 0 5 6 2 - 0 . 0 1 4 7 3 . 8 2 4 7 
23 0 . 2 0 9 4 - 0 . 0 3 9 4 1 . 1 0 5 0 - 0 . 7 4 5 8 0 . 0 5 8 2 - 0 . 0 1 5 2 3 . 8 2 1 0 
24 0 . 2 0 9 4 - 0 . 0 3 9 1 1 . 0 8 8 5 - 0 . 7 4 4 1 0 . 0 6 0 5 - 0 . 0 1 4 9 4 . 0 6 3 4 
25 0 . 2 1 2 8 - 0 . 0 4 3 0 1 . 0 2 0 2 - 0 . 7 7 8 2 0 . 0 6 3 8 - 0 . 0 1 5 6 4 . 0 9 6 8 
26 0 . 2 0 2 0 - 0 . 0 4 3 0 0 . 9 9 8 6 - 0 . 8 2 8 2 0 . 0 6 2 4 - 0 . 0 1 5 9 3 . 9 1 8 7 
27 0 . 2 0 4 8 - 0 . 0 4 3 0 1 . 0 0 6 6 - 0 . 7 8 4 0 0 . 0 6 2 9 - 0 . 0 1 6 3 3 . 8 5 1 8 
28 0 . 2 0 4 8 - 0 . 0 4 3 0 1 . 0 0 4 0 - 0 . 7 5 9 4 0 . 0 5 9 1 - 0 . 0 1 4 9 3 . 9 6 6 3 
29 0 . 2 0 4 8 - 0 . 0 4 3 0 0 . 9 8 8 5 - 0 . 8 1 4 1 0 . 0 5 8 1 - 0 . 0 1 4 8 3 . 9 2 8 4 
30 0 . 2 0 4 8 - 0 . 0 4 3 0 0 . 9 7 8 0 - 0 . 8 3 8 0 0 . 0 6 1 1 - 0 . 0 1 5 0 4 . 0 8 4 7 
3 1 0 . 2 0 4 8 - 0 . 0 4 3 0 0 . 9 7 3 5 - 0 . 8 1 2 3 0 . 0 5 7 3 一 0 . 0 1 4 5 3 . 9 4 7 8 
32 0 . 2 0 4 8 - 0 . 0 4 3 0 0 . 9 3 3 5 - 0 . 7 2 0 5 0 . 0 5 4 9 - 0 . 0 1 3 3 4 . 1 1 5 5 
33 0 . 2 0 4 8 - 0 . 0 8 4 0 0 . 9 2 1 2 - 0 . 7 9 0 2 0 . 0 6 5 8 - 0 . 0 1 4 4 4 . 5 7 9 9 
34 0 . 2 0 4 8 - 0 . 0 8 4 0 0 . 9 3 6 4 - 0 . 7 1 8 0 0 . 0 5 8 5 - 0 . 0 1 4 7 3 . 9 9 4 0 
35 0 . 1 9 1 5 - 0 . 0 8 4 0 0 . 9 0 9 0 - 0 . 6 6 8 8 0 . 0 5 6 8 - 0 . 0 1 4 2 3 . 9 9 2 5 
36 0 . 1 9 0 0 - 0 . 0 8 4 0 0 . 8 8 3 7 - 0 . 6 6 1 5 0 . 0 5 8 9 - 0 . 0 1 5 0 3 . 9 1 8 6 
37 0 . 1 9 0 0 - 0 . 0 8 4 0 0 . 9 0 5 2 - 0 . 6 6 9 0 0 . 0 6 0 3 - 0 . 0 1 5 2 3 . 9 6 9 0 
38 0 . 1 9 0 0 - 0 . 0 8 4 0 0 . 8 9 8 0 - 0 . 6 3 6 6 0 . 0 5 9 9 - 0 . 0 1 5 9 3 . 7 6 1 7 
39 0 . 1 9 0 0 - 0 . 0 8 4 0 0 . 8 8 2 2 - 0 . 6 1 5 0 0 . 0 6 3 0 - 0 . 0 1 5 8 3 . 9 9 6 0 
40 0 . 1 9 0 0 - 0 . 0 8 4 0 0 . 8 8 2 7 - 0 . 6 0 1 5 0 . 0 6 3 1 - 0 . 0 1 5 4 4 . 0 8 8 0 
4 1 0 . 1 9 0 0 - 0 . 0 8 4 0 0 . 8 8 0 2 - 0 . 6 6 0 0 0 . 0 6 2 9 - 0 . 0 1 6 9 3 . 7 1 5 1 
42 0 . 1 8 1 0 - 0 . 0 8 4 0 0 . 8 6 1 4 - 0 . 6 7 9 4 0 . 0 6 6 3 _ 0 . 0 1 7 9 3 . 7 0 6 1 
43 0 . 1 9 1 0 - 0 . 0 8 4 0 0 . 8 5 7 8 - 0 . 6 2 7 6 0 . 0 6 6 0 - 0 . 0 1 7 4 3 . 7 8 5 0 
44 0 . 1 9 1 0 - 0 . 0 8 4 0 0 . 8 6 2 5 - 0 . 5 4 1 1 0 . 0 7 1 9 - 0 . 0 1 5 5 4 . 6 4 9 1 
45 0 . 1 9 1 0 - 0 . 0 8 4 0 0 . 8 5 8 3 - 0 . 5 5 8 7 0 . 0 7 8 0 - 0 . 0 1 5 5 5 . 0 2 7 7 
46 0 , 1 9 1 0 - 0 . 0 8 4 0 0 . 8 3 8 8 - 0 . 5 5 4 6 0 . 0 7 6 3 - 0 . 0 1 6 3 4 . 6 7 4 8 
47 0 . 1 9 1 0 - 0 . 0 8 4 0 0 . 8 3 8 8 - 0 . 5 6 9 8 0 . 0 8 3 9 - 0 . 0 1 6 3 5 . 1 5 2 3 
48 0 . 1 9 0 2 - 0 . 0 8 4 0 0 . 8 2 7 0 - 0 . 6 3 2 2 0 . 0 7 5 2 - 0 . 0 1 7 6 4 . 2 8 1 2 
49 0 . 2 4 5 5 - 0 , 0 8 4 0 0 . 8 5 8 8 - 0 . 5 8 1 6 0 . 1 2 2 7 - 0 . 0 1 7 1 7 . 1 7 2 1 
50 0 . 2 4 5 5 - 0 . 0 8 4 0 0 . 8 5 8 8 - 0 . 5 7 5 2 0 . 1 2 2 7 - 0 . 0 1 5 1 8 . 1 0 5 1 
" " M A X —一 0 T 2 4 5 5 - 0 . 0 3 9 1 2 . 9 5 1 9 - 0 . 5 4 1 1 0 . 1 2 2 7 - 0 . 0 0 7 9 8 , 1 0 5 1 
M I N 0 . 1 5 9 5 - 0 . 1 0 0 5 0 . 8 2 7 0 - 1 . 9 2 7 8 0 . 0 2 2 2 - 0 . 0 1 7 9 2 . 2 4 1 2 
M E A N 0 . 1 9 8 4 - 0 . 0 7 0 9 1 . 2 0 7 7 - 0 . 8 9 7 6 0 . 0 5 7 1 - 0 . 0 1 4 4 3,8939 












































































































































































































































































Average Profit per- Profitable Transaction and 
Average Loss per Losing Transaction, 
Simple Moving Average Trading System 
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is, the greater of its ability to let the profit runs. On 
the other hand, the variation in average loss per losing 
transaction for different period of moving averages under 
test is much smaller than that of average profit per 
profitable transaction. All periods employed can limit the 
average loss per losing transaction to less than 180 basis 
points (i.e. less than -0.0180). 
The ratio of average profit per transaction to average 
loss per transaction is plotted in figure 6. Thirty of 
them fall into the range from 3.0 to 4.0. The slower 
moving averages (44-days to 50-days) have much higher ratio 
range from 4.6 to 8.1 due to their excellent ability to let 
the profit run and cut the loss short. 
In table 3, the current net profit or loss, the 
recorded highest net profit, the sample standard deviation, 
the Sharpe ratio and the profit or loss per transaction are 
listed. The current net profit or loss and the recorded 
highest net profit are plotted together in figure 7. All 
of the moving averages under test show a net profit 
currently. Fast moving averages (2-days to 8-days) have a 
substantial higher level of recorded highest net profit 
than other periods. However, only the 2-days moving 
average can keep its current net profit close to the 
recorded highest net profit. The remaining fast moving 
averages can only maintain their net profits from 0.3512 to 
0.5928, about 70% of their recorded highest net profits. 
Moving averages with periods range from 13-days to 23-days 
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Simple Moving Average Trading System Performance 
Report: Net Profits and Ratios 
— R  " — ‘ 一 
S I M ^ “ = C U R R E N T R E C O R D E D N O ^ R ^ ^ Q 
,‘ M O V I N G N E T H I G H E S T S A M P L E O R ^ S S 
A ^ ^ G E P R O F I T N E T S T A N D A R D S H A R P E 
^ ^ S ) O R L O S S — P R O F I T — _ D E V I A T I O N R A T I O T R A N S • 
一 — - ， 一 二 : 『 0.0201 52.5884 0.0028 
3 0 . 3 5 1 2 0 . 5 7 1 3 0 . 0 2 1 8 1 6 . 0 7 9 7 0 . 0 0 1 3 
4 0 . 3 9 1 0 0 . 6 2 3 0 0 . 0 2 6 1 1 4 . 9 8 4 1 0 . 0 0 1 8 . 
5 0 . 5 9 2 8 0 . 7 7 5 8 0 . 0 3 2 4 1 8 . 2 8 7 4 0 . 0 0 3 2 
E 0 . 4 7 9 8 0 . 6 8 2 4 0 . 0 3 4 1 1 4 . 0 6 2 4 0 . 0 0 2 9 
7 0 . 4 0 5 2 0 . 5 4 6 4 0 . 0 3 3 6 1 2 . 0 6 8 3 0 . 0 0 2 5 
8 0 . 5 0 3 2 0 . 7 2 7 8 0 . 0 3 4 6 1 4 . 5 2 5 0 0 . 0 0 3 3 
I 0 . 1 2 7 4 0 . 3 4 6 4 0 , 0 3 4 2 3 . 7 2 3 6 0 . 0 0 0 9 
NO 0 1 4 7 0 0 . 2 7 0 6 0 . 0 3 4 7 4 . 2 3 2 9 0 . 0 0 1 1 
I I 0 : 2 4 1 2 0 . 3 2 9 8 0 . 0 3 7 0 6 . 5 1 2 6 0 . 0 0 1 9 
T I 0 2 9 7 4 0 . 3 6 4 1 0 . 0 3 8 3 7 . 7 6 4 9 0 . 0 0 2 7 
IT 0 : 3 9 9 2 0 . 3 9 9 2 0 . 0 3 8 8 1 0 . 2 8 8 9 0 . 0 0 3 8 
LL 0 . 4 1 5 2 0 . 4 1 5 2 0 . 0 3 7 8 1 0 . 9 8 4 3 0 . 0 0 3 9 
IS 0 . 4 0 6 2 0 . 4 0 6 2 0 . 0 3 9 2 1 0 . 3 6 9 1 0 . 0 0 4 1 
IS 0 . 4 1 8 8 0 . 4 1 8 8 0 . 0 4 0 8 1 0 . 2 5 7 9 0 . 0 0 4 4 
L7 0 . 3 9 4 6 0 . 3 9 4 6 0 . 0 4 0 9 9 , 6 4 9 6 0 , 0 0 4 2 
IS 0 . 3 5 9 8 0 . 3 5 9 8 0 . 0 4 0 6 8 . 8 5 4 9 0 . 0 0 3 9 
ll 0 . 3 5 9 0 0 . 3590 0 . 0416 8 . 6219 0 . 0 0 4 2 
20 0 4 1 4 8 0 . 4 1 4 8 0 . 0 4 3 1 9 . 6 2 4 7 0 . 0 0 5 2 
2 1 0 : 3 5 3 0 0 . 3 5 3 0 0 . 0 4 3 5 8 . 1 1 3 4 0 . 0 0 4 6 
22 0 3 8 9 4 0 . 3 8 9 4 0 . 0 4 5 9 8 . 4 9 2 9 0 . 0 0 5 6 
23 0 : 3 5 9 2 0 . 3 5 9 2 0 . 0 4 7 5 7 . 5 5 8 3 0 . 0 0 5 3 
24 0 . 3 4 4 4 0 . 3 4 4 4 0 . 0 4 7 3 7 . 2 7 8 4 0 . 0 0 5 1 
25 0 . 2 4 2 0 0 . 2 4 2 0 0 . 0 4 8 5 4 . 9 9 2 0 0 . 0 0 3 7 
26 0 . 1 7 0 4 0 . 1 7 0 4 0 . 0 4 7 2 3 . 6 1 2 4 0 . 0 0 2 5 
I T 0 . 2 2 2 6 • 0 . 2 2 2 6 0 . 0 4 9 0 4 . 5 4 4 3 0 . 0 0 3 5 
28 0 . 2 4 4 6 0 . 2 4 4 6 0 . 0 4 7 2 5 . 1 7 9 5 0 , 0 0 3 6 
29 0 . 1 7 4 4 0 . 1 7 4 4 . 0 . 0 4 6 0 3 . 7 9 5 0 0 - 0 0 2 4 
30 0 . 1 4 0 0 0 . 1 4 0 0 0 . 0 4 5 9 3 . 0 4 8 0 0 . 0 0 1 9 
3 1 0 . 1 6 1 2 0 . 1 6 1 2 0 . 0 4 5 4 3 . 5 5 2 1 0 . 0 0 2 2 
32 0 . 2 1 3 0 0 . 2 1 3 0 0 . 0 4 5 4 4 . 6 9 5 4 0 . 0 0 3 0 
33 0 1 3 1 0 0 . 1 3 1 0 0 . 0 4 7 3 2 . 7 6 7 8 0 . 0 0 1 9 
34 0 : 2 1 8 4 0 . 2 1 8 4 0 . 0 4 8 6 4 . 4 9 7 9 0 . 0 0 3 4 
• 35 0 . 2 4 0 2 0 . 2 4 0 2 0 . 0 4 7 5 5 . 0 5 7 3 . 0 - 0 0 3 8 
36 0 . 2 2 2 2 0 . 2 2 2 2 0 . 0 4 8 3 4 . 6 0 0 5 0 - 0 0 3 8 
37 0 . 2 3 6 2 0 . 2 3 6 2 0 . 0 4 8 5 4 . 8 6 9 8 0 . 0 0 4 0 
38 0 . 2 6 1 4 0 . 2 6 1 4 0 . 0 4 9 9 5 . 2 3 9 9 0 - 0 0 4 8 
39 0 2 6 7 2 0 . 2 6 7 2 0 . 0 5 0 6 5 , 2 8 3 5 0 . 0 0 5 0 
40 0 . 2 8 1 2 、 0 . 2 8 1 2 0 . 0 5 0 6 5 . 5 5 7 3 0 - 0 0 5 3 
4 1 0 . 2 2 0 2 0 . 2 2 0 2 0 . 0 5 1 1 4 . 3 0 5 9 0 . 0 0 4 2 
42 0 . 1 8 2 0 0 . 2 1 5 5 0 . 0 5 1 7 3 . 5 2 2 1 0 . 0 0 3 6 
43 0 . 2 3 0 2 0 . 2 4 3 7 0 . 0 5 2 8 4 . 3 5 8 9 J - O O J ? ‘ 
44 0 . 3 2 1 4 0 . 3 2 1 4 0 . 0 5 3 0 6 . 0 6 5 7 O - O O ^ F 
45 0 . 2 9 9 6 0 . 2 9 9 6 0 . 0 5 3 1 5 . 6 3 7 2 0 . 0 0 6 4 
46 0.2842 0.2912 0.0546 5.2057 0 - 0 0 " 
47 0.2690 0.2760 0.0554 4.8529 0.0060 
48 0.1948 0.2354 0.0545 3.5760 O-OOJL 
49 0.2772 0.3178 0.0658 4.2121 0.0068 
50 0.2836 0.3242 0.0627 4.5213 0-0063 • 二 
MAX 1.0564 1.0814 0.0658 52.5884 0.0068 . 
MIN 0.1274 0.1310 0.0201 2.7678 0.0009 






















































































































































































































































































































































































































































































highest net profits, at a relatively high level ranging 
from 0.3530 to 0.4188.. Those periods represent the 
relatively good and stable part of the simple moving 
average trading system. 
The sample standard deviation of profit or loss 
generated from closed transactions of each moving average 
is calculated. The ratio of net profit or loss to the 
sample standard deviation, known as the Sharpe ratio, is 
also listed in table 3. As one would expect, the 2-days 
moving average has the smallest standard deviation as it 
reacts quickly to the price changes and hence each profit 
or loss generated has a relatively smaller variation. The 
slower moving averages, though have little difference in 
their abilities to cut loss short when comparing with the 
fast one, they have the greater standard deviation as they 
generally get more profits from each profitable 
transaction. The 2-days moving average has the excellent 
Sharpe ratio of 52.5884, contributing from its extremely 
high profit of 1.0564 and the smallest standard deviation 
of just 0.0201. When one excluding the 2-days moving 
average in calculation, the remains have a Sharpe ratio 
mean value of 7.0810. 
Directional Movement Inde?g Trading System 
Table 4 shows the total number of transactions 
generated from the 2-days to 50-days DMI trading system. 
Only the shorter one (2-days to 16-days) can generate more 
than thirty transactions. Again, the shorter the period 
41 
TABLE 2 
Directional Movement Index Trading System Performance 
Report: Number of Transactions 
T O T A L T O T A L T O T A L P E R C E N T A G E P E R C E N T A G E 
.. N O . O F N O . O F N O . O F O F O F 
D M I C L O S E D P R O F I T A B L E L O S I N G P R O F I T A B L E L O S I N G 
(DAYS) T R A N S . T R A N S . T R A N S . T R A N S . T R A N S . 
2 1 0 1 42 59 4 1 . 5 8 % 5 8 . 4 2 % 
3 93 4 1 52 4 4 . 0 9 % 5 5 . 9 1 % 
4 83 35 48 4 2 . 1 7 % 5 7 , 8 3 % 
5 69 27 42 3 9 . 1 3 % 6 0 . 8 7 % 
6 63 23 40 3 6 . 5 1 % 6 3 . 4 9 % 
7 .59 17 42 2 8 . 8 1 % 7 1 . 1 9 % 
8 49 14 35 2 8 . 5 7 % 7 1 . 4 3 % 
9 47 13 34 2 7 . 6 6 % 7 2 . 3 4 % 
10 49 14 35 2 8 . 5 7 % 7 1 . 4 3 % 
1 1 47 14 33 2 9 . 7 9 % 7 0 . 2 1 % 
• 12 4 5 12 33 2 6 . 6 7 % 7 3 . 3 3 % 
13 43 13 30 3 0 . 2 3 % 6 9 . 7 7 % 
14 . 39 11 28 2 8 . 2 1 % 7 1 . 7 9 % 
15 37 10 27 2 7 . 0 3 % 7 2 . 9 7 % 
16 3 1 9 22 2 9 . 0 3 % 7 0 . 9 7 % 
17 29 9 20 3 1 . 0 3 % 6 8 . 9 7 % 
18 25 6 19 2 4 . 0 0 % 7 6 . 0 0 % 
19 23 5 18 2 1 . 7 4 % 7 8 . 2 6 % 
20 25 7 18 2 8 . 0 0 % 7 2 . 0 0 % 
2 1 23 7 16 3 0 . 4 3 % 6 9 . 5 7 % 
22 2 1 6 15 2 8 . 5 7 % 7 1 . 4 3 % 
23 19 6 13 3 1 . 5 8 % 6 8 . 4 2 % 
24 19 5 14 2 6 . 3 2 % 7 3 . 6 8 % 
25 19 5 14 2 6 . 3 2 % 7 3 . 6 8 % 
26 19 6 13 3 1 . 5 8 % 6 8 . 4 2 % 
27 18 4 14 2 2 . 2 2 % 7 7 . 7 8 % 
28 20 4 16 20 .00% 8 0 . 0 0 % 
29 18 3 15 1 6 . 6 7 % 8 3 . 3 3 % 
30 20 3 17 1 5 . 0 0 % 8 5 . 0 0 % 
3 1 22 5 17 2 2 . 7 3 % 7 7 . 2 7 % 32 20 4 16 20.00% 80.00% 
33 22 5 17 2 2 . 7 3 % 7 7 . 2 7 % 
34 22 4 18 18 .18% 8 1 . 8 2 % 
35 18 2 16 1 1 . 1 1 % 8 8 . 8 9 % 
36 20 3 17 1 5 . 0 0 % 8 5 . 0 0 % 
37 20 3 17 1 5 . 0 0 % 8 5 . 0 0 % 
38 2 0 3 17 1 5 . 0 0 % 8 5 . 0 0 % 
39 24 3 2 1 1 2 . 5 0 % 8 7 . 5 0 % 
40 28 3 25 1 0 . 7 1 % 8 9 . 2 9 % 
41 20 4 16 2 0 , 0 0 % 8 0 . 0 0 % 
42 16 3 13 1 8 . 7 5 % 8 1 . 2 5 % 
43 14 2 12 1 4 ; 2 9 % 8 5 . 7 1 % 
44 12 2 10 1 6 . 6 7 % 8 3 . 3 3 % 
45 12 2 10 1 6 . 6 7 % 8 3 . 3 3 % 
46 8 1 • 7 1 2 . 5 0 % 8 7 . 5 0 % 
47 10 2 8 2 0 . 0 0 % 8 0 . 0 0 % 
48 10 2 8 2 0 . 0 0 % 8 0 . 0 0 % 
49 10 2 8 2 0 . 0 0 % 8 0 . 0 0 % 
50 10 2 8 2 0 . 0 0 % 8 0 . 0 0 % 
M A X 1 0 1 42 59 4 4 . 0 9 % 8 9 . 2 9 % 
M I N 8 1 7 1 0 . 7 1 % 5 5 . 9 1 % 
M E A N 30 9 22 2 4 . 1 5 % 7 5 . 8 5 % 
42 
employed in the system, the more sensitive the system 
reacts to price changes and hence the higher the number of 
transactions generated• 
The DMI trading system has a greater variation in the 
percentage of profitable transaction in comparison with the 
simple moving average trading system. Those DMI trading 
system with periods generating more than thirty 
transactions, show a thirty percent of profitable 
transaction on average. The highest percentage of 
profitable transaction is 44.09%, generating from the 3-
days DMI system. 
Table 5 shows the best and the worst transaction for 
the whole system under test. The best transaction of 
0.2810 profit is generated from the 15-days DMI system and 
the 5,6 and 7-days DMI systems produced the similar worst 
transaction of -0.1560 loss. 
The highest cumulative closed profit (0.9930) and the 
highest cumulative closed loss (-0.7829) are generated from 
the 3-days and the 5-days DMI trading system respectively. 
This result generally agrees with our pervious findings in 
the simple moving aveifage trading system that the more 
frequent the transaction initiated, the higher the 
cumulative closed profit and cumulative closed loss. 
Figure 8 shows that phenomena, where band width converge 
with increasing number of periods employed. Considering 
those periods generated more than thirty transactions, the 
longer the period employed in a system, the better the 
system's ability to let the profit runs in general. 
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TABLE 2 
Directional Movement Index Trading System Performance 
Report: Trading Performance 
A V G . P R O F I T A V G . L O S S R A T I O O F 
C U M U L A T I V E C U M U L A T I V E P E R P E R A V G . P R O F I 
D M I B E S T W O R S T C L O S E D C L O S E D P R O F I T A B L E L O S I N G T O 
(DAYS) T R A N S . T R A N S . P R O F I T L O S S T R A N S . T R A N S . — A V G . L O S S 
========================= 二^ ============ 
2 0 . 1 7 0 5 - 0 . 0 4 1 0 0 . 9 8 9 8 - 0 . 7 6 2 9 0 . 0 2 3 6 - 0 . 0 1 2 9 1 . 8 2 2 6 
3 0 . 1 7 0 5 - 0 . 0 4 2 5 0 . 9 9 3 0 - 0 . 7 3 8 3 0 . 0 2 4 2 - 0 . 0 1 4 2 1 . 7 0 5 8 
4 0 . 1 7 0 5 - 0 . 0 5 2 4 0 . 9 4 9 7 - 0 . 7 1 7 0 0 . 0 2 7 1 - 0 . 0 1 4 9 1 . 8 1 6 5 
5 0 . 1 9 1 0 - 0 . 1 5 6 0 0 . 7 4 9 4 - 0 . 7 8 2 9 0 . 0 2 7 8 - 0 . 0 1 8 6 1 . 4 8 9 0 
6 0 . 1 6 2 0 - 0 . 1 5 6 0 0 . 6 5 8 4 - 0 . 7 5 5 3 0 . 0 2 8 6 - 0 . 0 1 8 9 1 . 5 1 6 0 
7 0 . 1 8 3 5 - 0 . 1 5 6 0 0 . 5 7 7 1 - 0 . 7 7 0 2 0 . 0 3 3 9 - 0 . 0 1 8 3 1 . 8 5 1 2 
8 0 . 1 8 3 5 - 0 . 0 7 3 2 0 . 4 5 1 8 - 0 . 5 4 1 9 0 . 0 3 2 3 - 0 . 0 1 5 5 2 - 0 8 4 3 
9 0 . 2 2 0 5 - 0 . 0 7 3 2 0 . 4 7 8 6 - 0 . 5 3 4 1 0 . 0 3 6 8 - 0 . 0 1 5 7 2 . 3 4 3 6 
10 0 . 2 0 6 5 - 0 . 0 4 6 5 0 . 4 5 2 3 - 0 . 5 0 6 2 0 . 0 3 2 3 - 0 . 0 1 4 5 2 . 2 3 3 8 
1 1 0 . 1 9 1 5 - 0 . 0 4 7 7 0 . 4 1 8 1 - 0 . 5 0 2 6 0 . 0 2 9 9 - 0 . 0 1 5 2 1 . 9 6 0 8 
12 0 . 2 0 2 0 - 0 . 0 4 7 7 0 . 4 2 0 1 - 0 . 4 7 1 6 0 . 0 3 5 0 - 0 . 0 1 4 3 2 . 4 4 9 7 
13 0 . 1 9 5 5 - 0 . 0 4 7 7 0 . 4 0 2 2 - 0 . 4 2 0 9 0 . 0 3 0 9 - 0 . 0 1 4 0 2 . 2 0 5 2 
14 0 . 1 9 5 5 - 0 . 0 6 4 5 0 . 3 7 1 6 - 0 . 4 1 3 3 0 . 0 3 3 8 - 0 . 0 1 4 8 2 . 2 8 8 6 
15 0 . 2 8 1 0 - 0 . 0 6 4 5 0 . 4 2 4 0 - 0 . 3 6 0 9 0 . 0 4 2 4 - 0 . 0 1 3 4 3 . 1 7 2 1 
16 0 . 2 4 3 4 - 0 . 0 2 7 7 0 . 3 6 7 2 - 0 . 2 7 9 5 0 . 0 4 0 8 - 0 . 0 1 2 7 3 . 2 1 1 4 
17 0 . 2 4 3 4 - 0 . 0 2 7 7 0 . 3 6 7 2 - 0 . 2 3 8 5 0 . 0 4 0 8 - 0 . 0 1 1 9 3 . 4 2 1 4 
18 0 . 2 1 5 5 - 0 . 0 2 7 7 0 . 3 1 4 0 - 0 . 1 9 9 9 0 . 0 5 2 3 - 0 . 0 1 0 5 4 . 9 7 4 2 
19 0 . 2 1 5 5 - 0 . 0 2 3 1 0 . 3 1 5 5 - 0 . 1 6 3 0 0 . 0 6 3 1 - 0 . 0 0 9 1 6 . 9 6 8 1 
20 0 . 2 1 5 5 - 0 . 0 2 3 4 0 . 3 3 8 2 - 0 . 1 8 4 1 0 . 0 4 8 3 - 0 . 0 1 0 2 4 . 7 2 3 8 
2 1 0 . 2 1 5 5 - 0 . 0 2 3 4 0 . 3 4 5 9 - 0 . 1 7 9 8 0 . 0 4 9 4 - 0 . 0 1 1 2 4 . 3 9 7 3 
22 0 . 2 1 5 5 - 0 . 0 2 8 3 0 . 3 3 4 2 - 0 . 2 1 0 7 0 . 0 5 5 7 - 0 . 0 1 4 0 3 . 9 6 5 4 
23 0 . 2 1 5 5 - 0 . 0 2 8 3 0 . 3 5 9 9 - 0 . 1 9 6 0 0 . 0 6 0 0 - 0 . 0 1 5 1 3 . 9 7 8 5 
24 0 . 2 0 6 0 - 0 . 0 2 3 1 0 . 3 6 6 2 - 0 . 1 7 8 7 0 . 0 7 3 2 - 0 . 0 1 2 8 5 . 7 3 7 9 
25 0 . 2 0 6 0 - 0 . 0 2 3 1 0 . 3 5 7 9 - 0 . 1 7 5 0 0 . 0 7 1 6 - 0 . 0 1 2 5 5 . 7 2 6 4 
26 0 . 2 0 6 0 - 0 . 0 2 3 1 0 . 3 7 6 5 - 0 . 1 7 1 0 0 . 0 6 2 8 - 0 . 0 1 3 2 4 . 7 7 0 5 
27 0 . 2 0 6 0 - 0 . 0 2 3 1 0 . 3 3 8 8 - 0 . 1 8 0 4 0 . 0 8 4 7 - 0 . 0 1 2 9 6 . 5 7 3 2 
28 0 . 2 0 6 0 - 0 . 0 2 3 1 0 . 3 3 8 8 - 0 . 1 9 5 6 0 . 0 8 4 7 - 0 . 0 1 2 2 6 . 9 2 8 4 
29 0 . 2 2 5 0 - 0 . 0 2 3 1 0 . 3 4 0 8 - 0 . 1 9 3 6 0 . 1 1 3 6 - 0 . 0 1 2 9 8 . 8 0 1 7 
30 0 . 2 2 5 0 - 0 . 0 2 3 1 0 . 3 4 4 7 - 0 . 2 0 8 7 0 . 1 1 4 9 - 0 . 0 1 2 3 9 . 3 5 9 4 
3 1 0 . 2 2 5 0 - 0 . 0 2 4 0 0 . 3 2 8 7 - 0 . 2 1 8 9 0 . 0 6 5 7 - 0 . 0 1 2 9 5 . 1 0 5 4 
32 0 . 2 2 8 9 - 0 . 0 2 4 0 0 . 3 4 0 8 - 0 . 2 1 6 6 0 . 0 8 5 2 - 0 . 0 1 3 5 6 . 2 9 3 6 
33 0 . 2 2 8 9 - 0 . 0 3 3 6 0 . 3 4 8 1 - 0 . 2 3 5 9 0 . 0 6 9 6 - 0 . 0 1 3 9 5 . 0 1 7 1 
34 0 . 2 4 3 0 - 0 . 0 3 3 6 0 . 2 9 0 4 - 0 . 2 4 8 1 0 . 0 7 2 6 - 0 . 0 1 3 8 5 . 2 6 7 2 
35 0 . 1 8 9 0 - 0 . 0 3 3 6 0 . 2 0 8 5 - 0 . 2 1 1 6 0 . 1 0 4 3 - 0 . 0 1 3 2 7 . 8 8 2 8 
36 0 . 1 8 9 0 - 0 . 0 2 3 1 0 . 2 0 3 5 - 0 . 2 1 6 6 0 . 0 6 7 8 - 0 . 0 1 2 7 5 . 3 2 3 9 
37 0 . 1 8 9 0 - 0 . 0 2 0 9 0 . 2 0 8 8 - 0 . 2 1 7 3 0 . 0 6 9 6 - 0 . 0 1 2 8 5 . 4 4 5 0 
38 0 . 1 8 4 7 - 0 . 0 2 0 9 0 . 2 0 0 2 - 0 . 2 1 7 3 0 . 0 6 6 7 - 0 . 0 1 2 8 5 . 2 2 0 7 
39 0.184-7 - 0 . 0 2 0 9 0 . 1 9 6 5 - 0 . 2 3 0 6 0 . 0 6 5 5 - 0 . 0 1 1 0 5 . 9 6 4 9 
40 0 . 1 8 4 7 - 0 . 0 2 0 9 0 . 1 9 6 3 - 0 . 2 6 9 2 0 . 0 6 5 4 - 0 . 0 1 0 8 6 . 0 7 6 6 
4 1 0 . 1 6 7 5 - 0 . 0 2 0 9 0 . 1 9 3 1 - 0 . 2 1 6 5 0 . 0 4 8 3 - 0 . 0 1 3 5 3 . 5 6 7 7 
42 0 . 1 5 7 0 - 0 . 0 2 0 9 0 . 1 8 1 3 - 0 . 1 8 5 9 0 . 0 6 0 4 - 0 . 0 1 4 3 4.2261“ 
43 0 . 1 5 7 0 - 0 . 0 2 4 4 0 . 1 8 5 8 - 0 . 1 8 7 2 0 . 0 9 2 9 - 0 . 0 1 5 6 5 . 9 5 5 1 
44 0 . 1 5 7 0 - 0 . 0 3 7 9 0 . 1 6 4 7 - 0 . 1 7 0 3 0 . 0 8 2 4 - 0 . 0 1 7 0 4 . 8 3 5 6 
45 0 . 1 5 7 0 - 0 . 0 3 7 9 0 . 1 5 9 5 - 0 . 1 7 5 5 0 . 0 7 9 8 - 0 . 0 1 7 6 4 . 5 4 4 2 
46 0 . 1 6 7 0 - 0 . 0 5 0 8 0 . 1 6 7 0 - 0 . 1 5 3 4 0 . 1 6 7 0 - 0 . 0 2 1 9 7 . 6 2 0 6 
47 0 . 1 6 7 0 - 0 . 0 5 0 8 0 . 1 7 4 6 - 0 . 1 4 5 8 0 . 0 8 7 3 - 0 . 0 1 8 2 4 . 7 9 0 1 
48 0 . 1 6 7 0 - 0 . 0 5 0 8 0 . 1 7 4 6 - 0 . 1 4 5 8 0 . 0 8 7 3 - 0 . 0 1 8 2 4 . 7 9 0 1 
49 0 . 1 6 7 0 - 0 . 0 5 0 8 0 . 1 7 4 6 - 0 . 1 4 5 8 0 . 0 8 7 3 - 0 . 0 1 8 2 4 . 7 9 0 1 
50 0 . 1 6 7 0 - 0 . 0 5 0 8 0 . 1 7 4 6 - 0 . 1 4 5 8 0 . 0 8 7 3 - 0 . 0 1 8 2 4 . 7 9 0 1 
M A X 0 . 2 8 1 0 - 0 . 0 2 0 9 0 . 9 9 3 0 _ - 0 . 1 4 5 8 0 . 1 6 7 0 - 0 . 0 0 9 1 9 . 3 5 9 4 
M I N 0 . 1 5 7 0 - 0 . 1 5 6 0 0 . 1 5 9 5 - 0 . 7 8 2 9 0 . 0 2 3 6 - 0 . 0 2 1 9 1 . 4 8 9 0 
M E A N 0 . 1 9 7 2 - 0 . 0 4 2 7 0 . 3 6 3 5 - 0 . 3 0 9 9 0 . 0 6 2 6 - 0 . 0 1 4 3 4 . 4 8 9 5 
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The 2-days DMI system has the lowest average profit 
per profitable transaction of 0.0236 and the 15-days DMI 
system has the highest average profit per profitable 
transaction of 0.0424. The 16-days DMI system has the 
lowest average loss per losing transaction (-0.0127) and 
the 6-days DMI system has the highest average loss per 
losing transaction (-0.0189). 
Figure 9 shows that the variation in the average loss 
per losing transaction is smaller than that of the average 
profit per profitable transaction, suggesting that the DMI 
system has more or less the same ability to cut loss short 
regardless of different periods employed. 
Figure 10 shows the ratio of average profit per 
profitable transaction to average loss per losing 
transaction. For those periods in DMI trading system 
generating more than thirty transactions, the ratios range 
from 1.4890 to 3.2114, generally lower than that of the 
simple moving average trading system. 
Table 6 shows the current net profit or loss, the 
recorded highest net profit, the sample standard deviation, 
the Sharpe ratio and the profit or loss per transaction for 
each period employed. Figure 11 shows the current net 
profit or loss and the recorded highest net profit for each 
period. Most of them have attained a recorded highest net 
profit of around 0.2000. However, the 5-days to 14-days 
and the 35-days to 45-days DMI systems currently show a net 
loss. Same as the simple moving average system, the 
fastest one (2-days DMI system) has the smallest sample 
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TABLE 2 
Directional Movement ihdex Trading System Performance 
Report: Net Profits and Ratios 
- — ILL I A=ASSBS==AGASSAS 
C U R R E N T R E C O R D E D P R O F I T 
N E T H I G H E S T SAMPLE O R L O S S 
DMI P R O F I T N E T S T A N D A R D S H A R P E P E R 
(DAYS) ’ O R LOSS P R O F I T D E V I A T I O N R A T I O T R A N S • 
0.3255 0.0301 7.5409 0.0022 
3 0 2547 0.3513 0.0314 8.1097 0.0027 
4 o'.2327 0.3015 0.0331 7 .0301 0.0028 
5 -0.0335 • 0.2849 0.0388 -0.8634 -0.0005 
6 -0.0969 0.2145 0.0385 -2.5139 -0.0015 
7 -0 1931 0.2078 0.0411 -4.6963 "0 .0033 
8 -O!O901 0.2342 0.0351 -2.5686 -0.0018 
9 -0.0555 0.2748 0.0405 -1.3715 -0.0012 
10 -0.0539 0.2380 0.0366 -1.4716 -0.0011 
11 -0.0845 0.2080 0.0355 -2.3799 • 0 . 0018 
12 -0.0515 0.1870 0.0369 -1.3970 -0.0011 
13 -0.0187 0.1926 0.0365 "0 .5130 -0.0004 
14 -0.0417 0.1926 0.0382 -1.0925 -0.0011 
15 0 .0631 0.2814 0.0507 1.2435 0.0017 
16 0.0877 0.2462 0.0477 1.8387 0.0028 
17 0.1287 0.2462 0.0490 2 .6261 0.0044 
18 0 1141 0.2220 0.0471 2.4208 0 .0046 
19 0 .1525 0.2070 0.0487 3.1302 0 .0066 
20 0 .1541 0.2070 0.0471 3.2699 0.0062 
21 0 .1661 0.2314 0.0492 3.3748 0.0072 
22 0.1235 0.2314 0.0520 2.3764 0 .0059 
23 0.1639 0.2514 0.0557 2.9405 0 .0086 
24 0.1875 0.2537 0.0540 3.4730 0.0099 
25 0.1829 0.2537 0.0539 3.3915 0 .0096 
26 0.2055 0.2763 0.0540 3.8090 0.0108 
27 0.1584 0.2453 0.0552 2.8696 0.0088 
28 0.1432 0.2453 0.0525 2.7293 0.0072 
29 0.1472 0.2493 0.0594 2.4773 0.0082 
30 0.1360 0.2381 0.0565 2.4053 0.0068 
31 0.1098 0.2100 0.0535 2.0533 0.0050 
32 0.1242 0.2298 0.0571 2.1755 • 0 .0062 
33 0.1122 0.2298 0.0547 2.0496 0 .0051 
34 0.0423 0.2538 0.0554 0.7632 0.0019 
35 -0.0031 0.1935 0.0485 -0.0639 -0.0002 
36 -0.0131 0.1840 0.0454 -0.2883 -0.0007 
37 -0.0085 0.1840 0.0455 -0.1866 -0.0004 
38 -0.0171 0.1754 0.0446 -0.3838 -0.0009 
39 -0.0341 0.1697 0.0404 -0.8437 -0.0014 
40 -0.0729 0.1697 0.0375 -1.9420 -0.0026 
41 -0.0234 0.1525 0.0411 -0.5695 -0.0012 
‘42 -0.0046 0.1622 0.0434 -0.1059 -0.0003 
43 -0.0014 0.1685 0.0472 -0.0297 -0.0001 
44 . -0.0056 0.1474 0.0509 -0.1100 '-0.0005 
45 -0.0160 0.1420 0.0509 . -0.3145 -0.0013 
46 0.0136 0.1520 0.0685 0.1987 0.0017 
47 0.0288 . 0.1520 0.0596 0.4829 0 .0029 
48 0.0288 0.1520 0.0596 0.4829 0 .0029 
49 0.0288 0.1520 0.0596 0.4829 0.0029 
50 0.0288 0.1520 0.0596 0.4829 0 . 0029」 
T: *"-RTR JS ^ “ 
一 MAX 0.2547 0.3513 0.0685 8.1097 0.0108 
MIN -0.1931 0.1420 0.0301 -4.6963 -0.0033 




















































































































































































































































































































































































































































































































































































Standard deviation (0,0301) of the profit or loss generated 
from each closed transactions. The 3-days DMI system has 
the highest Sharpe ratio 8.1097. 
Comparison of the Two Trading Systems 
Current Net Profit or Loss 
All periods employed in simple moving average trading 
system generate more than thirty transactions and only 
fifteen out of the forty nine periods tested in directional 
movement index trading system generate more than thirty 
transactions• 
In figure 12, current net profit or loss of both the 
simple moving average trading system and the directional 
movement index trading system are shown on the same graph. 
The simple moving average trading system has higher current 
net profit than that of directional movement index trading 
system except for the 26-days period in which 26-days 
simple moving average trading system has a net profit of 
0.1704 and the 26-days DMI trading system has a net profit 
of 0.2055. 
Every period in simple moving average trading system 
shows a positive return with a mean value of 0.3101. The 
directional movement index trading system has an average 
net profit of 0.0536. Twenty one out of the forty nine 
periods employed in the directional movement index trading 
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52 
Sample Standard Deviation 
Figure 13 shows the sample standard deviation of 
profit or loss generated from closed transactions of each 
period employed in both trading systems. In the simple 
moving average trading system, the first two periods (2 and 
3-days) and the last two periods (49 and 50-days) have 
extremely low and high value respectively. The remaining 
periods generally show a steady up trend in the sample 
standard deviation with the increasing number of periods 
employed. 
The directional movement index system, though show a 
up trend with increasing number of periods employed, has a 
much greater variation than that of the simple moving 
average trading system. 
Sharpe Ratio 
In figure 14, the Sharpe ratio of different periods in 
each system under tested are plotted in the same graph. 
Generally speaking, the simple moving average trading 
system has a higher score than that of the directional 
movement index system with exception of the 26-days data. 
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Ratio of Average Profit per Profitable Transaction to 
Average Loss per Losing Transaction 
Figure 15 shows the above ratio for both the simple 
moving average trading system and the directional movement 
index trading system. For those periods generated more 
than thirty transactions in both systems under tested, the 
simple moving average trading system has a higher score 
than that of the directional movement index trading system. 
When taking a look on all periods employed, one finds that 
the simple moving average system has a lower volatility for 
that ratio when comparing with the directional movement 
index system, suggesting that the former one has a more 
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In this study, both the simple moving average trading 
system and the directional movement index trading system 
show positive average returns. It leads to the conclusion 
that there exist some trends for the trend-following 
trading system to follow, otherwise, there should be no 
profitable opportunity. 
The simple moving average trading system has a higher 
average return and is less volatile in both sample standard 
deviation and the Sharpe ratio than the directional 
movement index trading system, concluding than the simple 
moving average trading system is more effective than the 
directional movement index trading system under tested. 
Faster moving averages are more attractive than those 
slower moving averages in term of the net profits generated 
from them. The average percentage of profitable transaction 
is just 26.49% for the simple moving average trading 
system. Psychologically, an investor must be prepared to 
cope with a series of losses in order to take advantage of 
possible profits. 
As suggesting from the chaos theory, there is a much 
stronger theoretical base for the application of technical 
58 
analysis in the short-term basis. More effort should 
therefore be paid to the study of short-term technical 
analysis applications in the future, … 
Besides, further study of market trendiness indicators 
is suggested as the knowledge of market trendiness can help 
traders in choosing between the trend-following trading 





PROGRAM LISTING OF SIMPLE MOVING AVERAGE 
TRADING SYSTEM PERFORMANCE REPORT 
PROGRAM PROFITABILITY,-
USES 
Crt, Formula, printer, graph; 
TYPE 
Tradetype= array[1..2] OF array[1..400] OF REAL; 
VAR 
FTYPE:TEXT； 
AA,AAA,BB,i,j,buypointer,selIpointer : INTEGER; 
Filename : STRING; 
TradeNo, ProfitNo, LoseNo: INTEGER; B e s t T r a d e , W o r s t T r a d e , C u r E q u i t y , M a x E q u i t y , 
MinEquity,hiequity: REAL; 
TotalProfit, TotalLoss, NetProfit, SumNetSqr, 

















TradeNo:=0; ProfitNo:=0; LoseNo:=0; 
BestTrade:=0； WorstTrade:=99999; 
CurEquity:=0; MaxEquity:=0; MinEquity:=9 9999; 
TotalProfit:=0; TotalLoss:=0; NetProfit:=0; 
SuiaNetSqr:=0; StandardDev: =0 ； Sharpe :=0; 
丄• 二1 • 
WHILE (trade[l,i]<>0) AND (trade[2,i]<>0) DO 
BEGIN 
60 
TradeNo:= TradeNo + 1; 
net:= trade[2,i] + trade[l,i]; 
IF net > BestTrade THEN BestTrade:= net; 
IF net < WorstTrade THEN WorstTrade:= net; 
CurEquity:= CurEquity + net; 
SuitiNetSqr:= SumNetSqr + SQR(net); 
IF net > 0 THEN 
BEGIN 
ProfitNo:= ProfitNo + 1; 
TotalProfit:= TotalProfit + net; 
IF CurEquity > MaxEquity THEN 
MaxEquity:= CurEquity; 
END f 
IF net <= 0 THEN 
BEGIN 
LoseNo:= LoseNo + 1； 
TotalLoss:= TotalLoss + net; 





NetProfit:= TotalProfit + TotalLoss; 






IF WorstTrade=9 9999 THEN WorstTrade:=BestTrade; 
END; 
PROCEDURE TradeRules(endday: INTEGER); 
VAR 
i: INTEGER； 




FOR i:= lowestday TO (endday-1) DO 
BEGIN 
IF not buyflag THEN 
BEGIN 
(exit short conditions) 
IF sellflag THEN 
BEGIN 






{enter long conditions} 








IF not sellflag THEN 
BEGIN 
{exit long conditions} 
IF buyflag THEN 
BEGIN 






IF not buyflag THEN 
BEGIN 
(enter short conditions} 








E N D • 
(close all existing position at the end} 
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gotoxy(30,12)； writeln('*** Calculation ***')? 
62 
FOR aa:= 1 to 50 DO 
BEGIN 
FOR i:= 1 to 2 DO , 
FOR j:= 1 to 400 DO 
trade[i,j]:=0; 














PROGRAM LISTING OF DIRECTIONAL MOVEMENT INDEX 
TRADING SYSTEM PERFORMANCE REPORT 
PROGRAM PROFITABILITY； 
USES 
Crt, Formula, printer, graph; 
TYPE 
Tradetype= array[1..2] OF array[1..400] OF REAL; 
VAR 
FTYPELTEXT； 
AA,AAA,BB,i,j,buypointer,sellpointer : INTEGER; 
Filename : STRING; 
TradeNo, ProfitNo, LoseNo: INTEGER,. 
B e s t T r a d e , W o r s t T r a d e , C u r E q u i t y , M a x E q u i t y , 
MinEquity,hiequity: REAL; 
TotalProfit, TotalLoss, NetProfit, SumNetSqr, 

















TradeNo:=0; ProfitNo:=0; LoseNo:=0; 
BestTrade:=0; WorstTrade:=99999; 
CurEquity:=0 7 MaxEquity:=0; MinEquity:=99999; 
TotalProfit:=0; TotalLoss:=0; NetProfit:=0; 
SumNetSqr:=0; StandardDev:=0; Sharpe:=0; 
I : = 1 • 
wiilli： (trade[l,i]<>0) AND (trade[2,i]<>0) DO 
BEGIN 
I 番 潘 中 文 大 趕 - 脚 - S 狩 板 ^ J 
I' 
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TradeNo:= TradeNo + 1; 
net:= trade[2,i] + trade[l,i]; 
IF net > BestTrade THEN BestTrade:= net; 
IF net < WorstTrade THEN WorstTrade:= net; 
CurEquity:= CurEquity + net; 
SumNetSqr:= SumNetSqr + SQR(net); 
IF net > 0 THEN 
BEGIN 
ProfitNo:= ProfitNo + 1; 
TotalProfit:= TotalProfit + net; 
IF CurEquity > MaxEquity THEN 
MaxEquity:= CurEquity; 
END; 
IF net <= 0 THEN 
BEGIN 
LoseNo:= LoseNo + 1； 
TotalLoss:= TotalLoss + net; 





NetProfit:= TotalProfit + TotalLoss; 
IF TradeNo > 0 THEN 
BEGIN . 、 




IF WorstTrade=99999 THEN WorstTrade:=BestTrade； 
END; 
PROCEDURE TradeRules(endday: INTEGER); 
VAR 
i: INTEGER； 




FOR i:= lowestday TO (endday-1) DO 
BEGIN 
IF not buyflag THEN 
BEGIN 
{exit short conditions} 
IF sellflag THEN 
BEGIN 






(enter long conditions} 









IF not sellflag THEN 
BEGIN 
(exit long conditions} 
IF buyflag THEN 
BEGIN 






IF not buyflag THEN 
BEGIN 
(enter short conditions} 









{close all existing position at the end} 






















gotoxy(30,12)； writeln('*** Calculation ***')； 
FOR aa:= 2 to 50 DO 
BEGIN 
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FOR i:= 1 to 2 DO 
FOR j:= 1 to 400 DO 
trade[i,j]:=0;-
DirectionaIMovement(datanum,aa); 














DETAILED LISTING OF USD/DEM HIGH, LOW AND CLOSE 
EXCHANGE RATE FROM OCT 18 1988 TO DEC 31 1991 
18 10 88 1.7970 1.7744 1.7753 
19 10 88 1.7940 1.7744 1.7940 
20 10 88 1.7983 1.7843 1.7880 
21 10 88 1.7913 1.7710 1.7720 
24 10 88 1.7793 1.7667 1.7737 
25 10 88 1.7883 1.7684 1.7700 
26 10 88 1.7897 1.7624 1.7857 
27 10 88 1.7927 1.7790 1.7803 
28 10 88 1.7850 1-7670 1.7727 
31 10 88 1.7800 1.7667 1.7787 
01 11 88 1.7963 1.7757 1.7897 
02 11 88 1.7947 1.7744 1.7773 
03 11 88 1.7937 1.7714 1.7877 
04 11 88 1.8033 1.7557 1.7617 
07 11 88 1.7644 1.7504 1.7517 
08 11 88 1.7537 1.7304 1.7354 
09 11 88 1.7514 1.7304 1.7461 
10 11 88 1.7487 1.7391 1.7431 
11 11 88 1.7598 1.7095 1.7158 
14 11 88 1.7387 1.7105 1.7224 
15 11 88 1.7467 1.7231 1.7364 
16 11 88 1.7381 1.7244 1.7271 
17 11 88 1.7311 1.7158 1.7181 
18 11 88 1.7234 1.7131 1.7161 
21 11 88 1.7194 1.7095 1.7134 
22 11 88 1.7251 1.7071 1.7158 
23 11 88 1.7377 1.7198 1.7374 
24 11 88 1.7397 1.7251 1.7334 
25 11 88 1.7401 1.7291 1.7311 
28 11 88 1.7331 1.7261 1.7308 
29 11 88 1.7421 1.7171 1.7214 
30 11 88 1.7258 1.7191 1.7251 
01 12 88 1.7381 1.7224 1.7381 
02 12 88 1.7727 1.7337 1.7607 
05 12 88 1.7600 1.7327 1.7381 
06 12 88 1.7421 1.7278 1.7367 
07 12 88 1.7441 1.7364 1.7417 
08 12 88 1.7514 1.7401 1.7497 
09 12 88 1.7507 1.7298 1.7397 
12 12 88 1.7590 1.7301 1.7547 
13 12 88 1.7660 1.7441 1.7567 
14 12 88 1.7657 1.7514 1.7644 
15 12 88 1.7817 1.7614 1.7790 
68 
16 12 88 1,7820 1.7634 1.7687 
19 12 88 1.7767 1.7657 1.7727 
20 12 88 1.7787 1.7707 1-7717 
21 12 88 1.7744 1.7697 1.7737 
22 12 88 1.7773 1.7667 1.7767 
23 12 88 1.7970 1.7783 1.7897 
26 12 88 1.7953 1.7827 1.7850 
27 12 88 1.7880 1.7667 1.7690 
28 12 88 1.7720 1-7647 1.7704 
29 12 88 1.7697 1.7547 1.7664 
30 12 88 1.7907 1.7647 1.7883 
02 01 89 1.8000 i.7803 1.8000 
03 01 89 1.8176 1.7927 1.8163 
04 01 89 1.8323 1.8066 1.8279 
05 01 89 1.8396 1.8126 1.8326 
06 01 89 1.8412 1.8163 1.8246 
09 01 89 1.8283 1-8183 1.8279 
10 01 89 1.8449 1.8239 1.8432 
11 01 89 1.8552 1.8432 1.8519 
12 01 89 1.8546 1.8416 1.8509 
13 01 89 1.8795 1.8486 1.8699 
16 01 89 1.8762 1.8502 1.8529 
17 01 89 1.8552 1.8336 1.8366 
18 01 89 1.8479 1.8233 1.8289 
19 01 89 1.8439 1.8186 1.8406 
20 01 89 1.8496 1.8352 1.8376 
25 01 89 1.8496 1.8353 1.8378 
26 01 89 1.8481 1.8343 1.8461 
27 01 89 1.8671 1.8431 1.8628 
30 01 89 1.8701 1.8556 1.8598 
31 01 89 1.8788 1.8568 1.8758 
01 02 89 1.8788 1.8603 1.8736 
02 02 89 1.8808 1.8608 1.8756 
03 02 89 1.8871 1.8666 1.8768 
06 02 89 1.8881 1.8683 1.8711 
07 02 89 1.8756 1.8618 1.8711 
08 02 89 1.8743 1.8661 1.8701 
09 02 89 1.8691 1.8461 1.8481 
10 02 89 1.8746 1.8361 1.8701 
13 02 89 1.8736 1.8618 1.8626 
14 02 89 1.8641 1.8413 1.8426 
15 02 89 1.8493 1.8271 1.8403 
16 02 89 1.8481 1.8358 1.8378 
17 02 89 1.8481 1.8234 1.8358 ‘ 
20 02 89 1.8446 1.8283 1.8413 
21 02 89 1.8546 1.8343 1.8378 
22 02 89 1.8431 1.8303 1.8313 
23 02 89 1.8343 1.8121 1.8209 
24 02 89 1.8293 1.8161 1.8161 
27 02 89 1.8236 1.8081 1.8234 
28 02 89 1.8293 1.8161 1.8218 
01 03 89 1.8418 1.8211 1.8361 
02 03 89 1.8466 1.8293 1.8456 
03 03 89 1.8466 1.8346 1.8413 
06 03 89 1.8546 1.8361 1.8521 
07 03 89 1.8583 1.8476 1.8523 
V. 
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08 03 89 1.8646 1.8476 1.8626 
09 03 89 1.8663 1.8526 1.8551 
10 03 89 1.8656 1.8546 1^8608 
13 03 89 1.8691 1.8606 1.8666 
14 03 89 1.8676 1.8546 1.8598 
15 03 89 1.8743 1.8568 1.8716 
16 03 89 1.8756 1.8643 1.8691 
17 03 89 1.8776 1.8653 1.8756 
20 03 89 1.8788 1.8663 1.8673 
21 03 89 1.8763 1.8636 1.8733 
22 03 89 1,8743 1.8626 1.8646 
23 03 89 1.8736 1.8606 1.8711 
24 03 89 1-8753 1.8691 1.8723 
27 03 89 1.8861 1.8721 1.8823 
28 03 89 1.8958 1.8783 1.8943 
29 03 89 1.8965 1.8861 1.8923 
30 03 89 1.9023 1.8833 1.8890 
31 03 89 1.8995 1.8838 1.8958 
03 04 89 1.9013 1.8721 1.8723 
04 04 89 1.8763 1.8633 1.8691 
05 04 89 1.8748 1.8656 1.8696 
06 04 89 1.8723 1.8643 1.8716 
07 04 89 1.8773 1.8618 1.8763 
10 04 89 1.8838 1.8736 1.8813 
11 04 89 1.8871 1.8783 1.8853 
12 04 89 1.8866 1.8796 1.8808 
13 04 89 1.8823 1.8653 1.8716 
14 04 89 1.8788 1.8598 1.8623 
17 04 89 1.8618 1.8521 1.8598 
18 04 89 1.8636 1.8486 1.8516 
19 04 89 1.8633 1.8493 1.8618 
20 04 89 1.8608 1.8393 1.8473 
21 04 89 1.8516 1.8426 1.8473 
24 04 89 1.8618 1.8446 1.8598 
25 04 89 1.8666 1.8551 1.8653 
26 04 89 1.8793 1.8608 1.8778 
27 04 89 1.8788 1.8653 1.8756 
28 04 89 1.8833 1.8716 1.8808 
01 05 89 1.8910 1.8808 1.8871 
02 05 89 1.8915 1.8813 1.8910 
03 05 89 1.8933 1.8833 1,8915 
04 05 89 1.8958 1.8838 1.8938 
05 05 89 1.8995 1.8788 1.8953 
08 05 89 1.9120 1.8925 1.9080 
09 05 89 1.9183 1.9053 1.9085 
10 05 89 1.9110 1.8953 1.9003 
11 05 89 1.9168 1.8985 1.9135 
12 05 89 1.9198 1.8900 1.9183 
15 05 89 1.9488 1.9223 1.9377 
16 05 89 1.9425 1.9300 1.9348 
17 05 89 1.9765 1.9355 1.9765 
18 05 89 1.9875 1.9582 1.9680 
19 05 89 1.9767 1.9612 1.9765 
22 05 89 2.0162 1.9810 2.0129 
23 05 89 2.0282 1.9925 2.0127 
24 05 89 2.0249 1.9995 2,0105 
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25 05 89 2.0105 1.9767 1.9810 
26 05 89 1.9902 1.9530 1.9820 
29 05 89 2-0154 1.9974 2.0105 
30 05 89 2.0235 1.9876 1.9911 
31 05 89 1.9958 1.9692 1.9806 
01 06 89 1.9940 1.9747 1.9788 
02 06 89 1.9820 1.9388 1.9434 
05 06 89 1.9855 1.9347 1.9812 
06 06 89 1.9931 1.9677 1.9721 
07 06 89 1.9797 1.9586 1.9727 
08 06 89 1.9797 1.9668 1.9686 
09 06 89 2.0116 1.9665 2.0113 
12 06 89 2.0370 2.0136 2.0212 
13 06 89 2.0306 2.0101 2.0151 
14 06 89 2.0344 2.0107 2.0329 
15 06 89 2.0478 1.9809 1.9855 
16 06 89 2.0089 1.9730 1.9809 
19 06 89 1.9969 1.9698 1.9747 
20 06 89 1.9908 1.9654 1.9876 
21 06 89 1.9940 1.9578 1.9578 
22 06 89 1.9789 1.9434 1.9443 
23 06 89 1.9639 1.9389 1.9420 
26 06 89 1.9639 1.9470 1.9592 
27 06 89 1.9613 1.9443 1.9560 
28 06 89 1.9753 1.9540 1.9645 
29 06 89 1.9683 1.9364 1.9619 
30 06 89 1.9662 1.9437 1.9519 
03 07 89 1.9604 1.9253 1.9259 
04 07 89 1.9288 1.9119 1.9218 
05 07 89 1.9230 1.8759 1.8788 
06 07 89 1.8937 1.8774 1.8824 
07 07 89 1.8920 1.8683 1.8704 
10 07 89 1.8721 1.8520 1.8634 
11 07 89 1.8859 1.8628 1.8844 
12 07 89 1.8891 1.8709 1.8742 
13 07 89 1.8920 1.8695 1.8914 
14 07 89 1.9125 1.8774 1.9110 
17 07 89 1.9168 1.9022 1.9040 
18 07 89 1.9247 1.8867 1.8978 
19 07 89 1.9148 1.8914 1.9148 
20 07 89 1.9180 1.8973 1.9057 
21 07 89 1.9139 1.8894 1.9119 
24 07 89 1.9224 1.8937 1.8970 
25 07 89 1.8996 1.8797 1.8821 
26 07 89 1.8853 1.8648 1.8663 
27 07 89 1.8797 1.8598 1.8753 
28 07 89 1.8923 1.8739 1.8794 
31 07 89 1.8803 1.8590 1.8663 
01 08 89 1.8704 1.8476 1.8487 
02 08 89 1.8598 1.8429 1.8584 
03 08 89 1.8768 1.8479 1.8730 
04 08 89 1.9078 1.8666 1.9078 
07 08 89 1.9189 1.8984 1.9163 
08 08 89 1.9160 1.8885 1.8923 
09 08 89 1.9049 1.8894 1.8967 
10 08 89 1.9084 1.8829 1.9057 
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11 08 89 1.9452 1.9043 1.9373 
14 08 89 1.9519 1.9300 1.9502 
15 08 89 1.9499 1.9350 1-9423 
16 08 89 1.9499 1.9323 1.9396 
17 08 89 1.9712 1.9367 1-9627 
18 08 89 1.9665 1.9540 1.9557 
21 08 89 1.9668 1.9499 1.9575 
22 08 89 1.9601 1.9367 1.9391 
23 08 89 1.9569 1.9373 1.9528 
24 08 89 1.9671 1.9519 1.9610 
25 08 89 1.9627 1.9499 1.9598 
28 08 89 1.9683 1.9569 1.9630 
29 08 89 1.9651 1.9389 1.9385 
30 08 89 1.9548 1.9309 1.9548 
31 08 89 1.9703 1.9513 1.9651 
01 09 89 1.9814 1.9613 1.9788 
04 09 89 1.9841 1.9738 1.9779 
05 09 89 1.9937 1.9736 1.9873 
06 09 89 1.9899 1.9724 1.9747 
07 09 89 1.9928 1.9724 1.9782 
08 09 89 1.9964 1.9744 1.9949 
11 09 89 2.0007 1.9838 1.9858 
12 09 89 1.9896 1.9788 1.9879 
13 09 89 1.9899 1.9689 1.9712 
14 09 89 1.9782 1.9575 1.9744 
15 09 89 2.0034 1.9300 1.9648 
18 09 89 1.9768 1.9449 1.9499 
19 09 89 1.9589 1.9434 1.9534 
20 09 89 1.9598 1.9358 1.9414 
21 09 89 1.9493 1.9367 1.9440 
22 09 89 1.9554 1-9350 1.9513 
25 09 89 1.9373 1.8943 1.8987 
26 09 89 1.9119 1.8850 1.8935 
27 09 89 1.8894 1.8698 1.8797 
28 09 89 1.8929 1.8762 1.8818 
29 09 89 1.8826 1.8619 1.8698 
02 10 89 1.8821 1.8642 1.8791 
03 10 89 1.8982 1.8739 1.8867 
04 10 89 1.8899 1.8718 1.8806 
05 10 89 1.8882 1.8613 1.8835 
06 10 89 1.9008 1.8748 1.8879 
09 10 89 1.8914 1.8797 1.8829 
10 10 89 1.9104 1.8806 1.9069 
11 10 89 1.9224 1.8943 1.9160 
12 10 89 1.9163 1.9022 1.9072 
13 10 89 1.9139 1.8648 1.8654 
16 10 89 1.8748 1.8330 1.8669 
17 10 89 1.8677 1.8417 1.8645 
18 10 89 1.8654 1.8400 1.8487 
19 10 89 1.8540 1.8359 1.8464 
20 10 89 1.8607 1.8382 1.8572 
23 10 89 1.8590 1.8449 1.8479 
24 10 89 1.8487 1.8309 1,8344 
25 10 89 1.8423 1.8324 1.8353 
26 10 89 1.8484 1.8347 1.8403 
27 10 89 1.8598 1.8239 1.8283 
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30 10 89 1.8394 1.8262 1.8332 
31 10 89 1.8429 1.8324 1.8414 
01 11 89 1.8514 1.8353 1.8484 
02 11 89 1.8537 1.8373 1.8417 
03 11 89 1.8499 1.8365 1.8484 
06 11 89 1.8563 1.8464 1.8511 
07 11 89 1.8522 1.8406 1.8417 
08 11 89 1.8470 1.8373 1.8452 
09 11 89 1.8531 1.8408 1.8520 
10 11 89 1.8689 1.8484 1.8669 
13 11 89 1.8663 1.8578 1.8601 
14 11 89 1.8604 1.8315 1.8350 
15 11 89 1.8449 1.8332 1.8391 
16 11 89 1.8520 1.8294 1.8411 
17 11 89 1.8449 1.8365 1.8408 
20 11 89 1.8473 1.8297 1.8332 
21 11 89 1.8359 1.8107 1.8145 
22 11 89 1.8198 1.7999 1.8107 
23 11 89 1.8198 1.8090 1.8140 
24 11 89 1.8142 1.7935 1.7988 
27 11 89 1.7973 1.7844 1.7988 
28 11 89 1.7984 1.7689 1.7753 
29 11 89 1.7933 1.7714 1.7869 
30 11 89 1.7928 1.7764 1.7800 
01 12 89 1.7875 1.7747 1.7869 
04 12 89 1.7873 1.7705 1.7830 
05 12 89 1,7873 1.7745 1.7767 
06 12 89 1.7809 1.7619 1.7664 
07 12 89 1.7742 1.7604 1.7724 
08 12 89 1.7772 1.7608 1.7683 
11 12 89 1.7701 1.7575 1.7586 
12 12 89 1.7612 1.7291 1.7325 
13 12 89 1.7414 1.6979 1.7291 
14 12 89 1.7385 1.7213 1.7329 
15 12 89 1.7373 1.7150 1.7176 
18 12 89 1.7277 1.7172 1.7239 
19 12 89 1.7385 1.7224 1.7362 
20 12 89 1.7481 1.7239 1.7284 
21 12 89 1.7332 1.7198 1.7250 
22 12 89 1.7262 1.7023 1.7064 
25 12 89 1.7053 1.6982 1.7027 
26 12 89 1.7072 1.6952 1.6979 
27 12 89 1.7029 1.6833 1.6860 
28 12 89 1.6954 1.6732 1.6865 
29 12 89 1.6996 1.6847 1.6900 
01 01 90 1.6900 1.6871 1.6888 
02 01 90 1.7157 1.6795 1.7129 
03 01 90 1.7250 1.7097 1.7230 
04 01 90 1.7349 1.6708 1.6757 
05 01 90 1.6989 1.6706 1.6898 
08 01 90 1.6968 1.6623 1.6677 
09 01 90 1.6869 1.6652 1.6752 
10 01 90 1.6848 1.6652 1.6819 
11 01 90 1.6931 1.6765 1.6806 
12 01 90 1.6877 1.6694 1.6856 
15 01 90 1.7060 1.6781 1.7031 
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16 01 90 1.7122 1.6869 1.6935 
17 01 90 1.6983 1.6787 1.6888 
18 01 90 1.7164 1.6888 1.7142 
19 01 90 1.7193 1.7030 1.7113 
22 01 90 1.7285 1.7142 1.7250 
23 01 90 1.7259 1.6908 1.6933 
24 01 90 1.6965 1.6752 1.6888 
25 01 90 1.6930 1.6828 1.6844 
26 01 90 1.6977 1.6809 1.6860 
29 01 90 1.6892 1.6692 1.6755 
30 01 90 1.7129 1.6664 1.6942 
31 01 90 1.6999 1.6768 1.6879 
01 02 90 1.6895 1.6727 1.6768 
02 02 90 1.6911 1.6717 1.6812 
05 02 90 1.6815 1.6567 1.6591 
06 02 90 1.6641 1.6507 1.6567 
07 02 90 1.6624 1.6474 1.6577 
08 02 90 1.6738 1.6588 1.6661 
09 02 90 1.6778 1.6638 1.6678 
12 02 90 1.6768 1.6633 1.6743 
13 02 90 1.6884 1.6738 1.6760 
14 02 90 1.6790 1.6673 1.6784 
15 02 90 1.6964 1.6725 1.6956 
16 02 90 1.7024 1.6733 1.6743 
19 02 90 1.6819 1.6698 1.6733 
20 02 90 1.6789 1.6655 1.6673 
21 02 90 1.6738 1.6619 1.6722 
22 02 90 1.6760 1.6655 1.6714 
23 02 90 1.6819 1.6698 1.6784 
26 02 90 1.6948 1.6808 1.6867 
27 02 90 1.6943 1.6814 1.6894 
28 02 90 1.7069 1.6884 1.7059 
01 03 90 1.7231 1.7034 1.7188 
02 03 90 1.7239 1.7053 1.7185 
05 03 90 1,7175 1.6938 1.6973 
06 03 90 1.7059 1.6897 1.7040 
07 03 90 1.7099 1.6948 1.6964 
08 03 90 1.7032 1.6921 1.7000 
09 03 90 1,7064 1.6959 1.7029 
12 03 90 1.7153 1.7029 1.7140 
13 03 90 1.7217 1.7079 1.7113 
14 03 90 1.7158 1.7044 1.7100 
15 03 90 1.7127 1.6954 1-6964 
16 03 90 1.7003 1.6902 1.6980 
19 03 90 1.6927 1.6768 1.6850 
20 03 90 1.7074 1.6809 1.7055 
21 03 90 1.7130 1.7008 1.7123 
22 03 90 1.7139 1.6990 1.7033 
23 03 90 1.7139 1.7013 1.7114 
26 03 90 1.7209 1.7025 1.7069 
27 03 90 1.7177 1.7049 1.7118 
28 03 90 1.7167 1.7045 1.7100 
29 03 90 1.7099 1.6930 1.6933 
30 03 90 1.7004 1.6850 1.6933 
02 04 90 1.7065 1.6954 1.7009 
03 04 90 1.7035 1.6959 1.6970 
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04 04 90 1.7019 1.6949 1.6994 
05 04 90 1.7024 1.6959 1.6999 
06 04 90 1.7004 1.6905 1.6954 
09 04 90 1.6948 1.6844 1.6929 
10 04 90 1.6940 1.6724 1.6735 
11 04 90 1.6776 1.6684 1.6705 
12 04 90 1.6770 1.6666 1.6714 
13 04 90 1.6738 1.6700 1.6719 
16 04 90 1.6840 1.6733 1.6775 
17 04 90 1.6831 1.6749 1.6777 
18 04 90 1.6824 1.6687 1.6724 
19 04 90 1.6835 1.6685 1.6794 
20 04 90 1.6910 1.6762 1.6874 
23 04 90 1.7011 1.6874 1.7008 
24 04 90 1.7044 1.6913 1.6979 
25 04 90 1.6969 1.6757 1.6777 
26 04 90 1.6824 1.6729 1.6794 
27 04 90 1.6865 1.6724 1.6770 
30 04 90 1.6842 1.6753 1.6783 
01 05 90 1.6867 1.6765 1.6803 
02 05 90 1,6874 1.6798 1-6848 
03 05 90 1.6865 1.6785 1.6819 
04 05 90 1.6822 1.6634 1.6659 
07 05 90 1.6664 1.6514 1.6554 
08 05 90 1.6606 1.6514 1.6569 
09 05 90 1.6579 1.6309 1.6349 
10 05 90 1,6429 1.6279 1.6279 
11 05 90 1.6414 1.6250 1.6379 
14 05 90 1.6472 1.6395 1.6424 
15 05 90 1.6500 1.6410 1.6454 
16 05 90 1.6554 1.6390 1.6464 
17 05 90 1.6525 1.6334 1.6487 
18 05 90 1.6525 1.6449 1.6484 
21 05 90 1.6644 1.6473 1.6633 
22 05 90 1.6741 1.6615 1.6712 
23 05 90 1.6804 1.6607 1.6760 
24 05 90 1.6870 1.6648 1.6860 
25 05 90 1.6867 1.6748 1.6824 
28 05 90 1.6829 1.6764 1.6787 
29 05 90 1.6799 1.6664 1.6733 
30 05 90 1.6849 1.6682 1.6829 
31 05 90 1.7000 1.6794 1.6939 
01 06 90 1.7009 1.6799 1.6989 
04 06 90 1.7040 1.6849 1.6869 
05 06 90 1.6984 1.6820 1.6849 
06 06 90 1.6914 1.6820 1.6872 
07 06 90 1.6959 1.6862 1.6930 
08 06 90 1.7005 1.6907 1.6979 
11 06 90 1.6991 1.6886 1.6913 
12 06 90 1.6982 1.6855 1.6965 
13 06 90 1.6974 1.6844 1.6866 
14 06 90 1.6965 1.6804 1.6930 
15 06 90 1.7035 1.6839 1.6892 
18 06 90 1.6885 1.6724 1.6734 
19 06 90 1.6774 1.6675 1.6734 
20 06 90 1.6839 1.6727 1.6782 
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21 06 90 1.6826 1.6733 1.6774 
22 06 90 1.6820 1.6715 1.6739 
26 06 90 1.6825 1.6600 1,6635 
27 06 90 1.6668 1.6577 1.6649 
28 06 90 1-6745 1.6605 1.6720 
29 06 90 1.6745 1.6597 1.6605 
02 07 90 1.6593 1.6495 1.6504 
03 07 90 1.6605 1.6449 1.6490 
04 07 90 1.6489 1.6434 1.6473 
05 07 90 1.6564 1.6447 1.6514 
06 07 90 1.6579 1.6487 1.6525 
09 07 90 1.6543 1.6444 1.6531 
10 07 90 1.6531 1.6368 1.6404 
11 07 90 1.6559 1.6369 1.6545 
12 07 90 1.6635 1.6300 1.6339 
13 07 90 1.6539 1.6335 1.6514 
16 07 90 1.6609 1.6487 1.6545 
17 07 90 1.6587 1.6419 1.6443 
18 07 90 1.6494 1-6360 1.6459 
19 07 90 1.6494 1.6384 1.6407 
20 07 90 1.6437 1.6340 1.6369 
23 07 90 1.6391 1.6187 1.6219 
24 07 90 1.6274 1.6129 1.6222 
25 07 90 1.6269 1.6150 1.6249 
26 07 90 1.6286 1.6175 1.6239 
27 07 90 1.6275 1.6084 1.6102 
30 07 90 1.6146 1.6014 1.6054 
31 07 90 1.6094 1.5843 1.5879 
01 08 90 1.5951 1.5849 1.5882 
02 08 90 1.6212 1.5809 1.5919 
03 08 90 1.6049 1.5820 1.5879 
06 08 90 1.5924 1.5667 1.5770 
07 08 90 1.5896 1.5709 1.5871 
08 08 90 1.6024 1.5807 1.5914 
09 08 90 1.5975 1.5876 1.5950 
10 08 90 1.6008 1.5849 1.5899 
13 08 90 1.5850 1.5709 1.5734 
14 08 90 1.5799 1.5608 1.5648 
15 08 90 1.5675 1.5529 1.5648 
16 08 90 1.5699 1.5498 1.5529 
17 08 90 1.5583 1.5449 1.5498 
20 08 90 1.5667 1.5498 1.5648 
21 08 90 1.5724 1.5518 1.5638 
22 08 90 1.5665 1.5494 1.5610 
23 08 90 1.5697 1.5388 1.5441 
24 08 90 1.5618 1.5425 1.5563 
27 08 90 1.5569 1.5374 1.5508 
28 08 90 1.5565 1.5425 1.5547 
29 08 90 1.5610 1.5498 1.5604 
30 08 90 1.5705 1.5571 1.5634 
31 08 90 1.5791 1.5563 1.5764 
03 09 90 1.5874 1.5722 1.5850 
04 09 90 1.5864 1.5724 1.5799 
05 09 90 1.5815 1.5563 1.5573 
06 09 90 1.5618 1.5512 1.5543 
07 09 90 1.5693 1.5518 1.5683 
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10 09 90 1.5845 1.5625 1.5810 
11 09 90 1.5965 1.5760 1.5870 
12 09 90 1.5936 1.5801 1.5936 
13 09 90 1.5945 1.5660 1.5660 
14 09 90 1.5750 1.5575 1.5670 
17 09 90 1.5625 1.5470 1.5485 
18 09 90 1.5575 1.5447 1.5530 
19 09 90 1.5735 1.5495 1.5725 
20 09 90 1.5835 1.5674 1.5765 
21 09 90 1.5805 1.5715 1.5778 
24 09 90 1.5785 1.5550 1.5580 
25 09 90 1.5740 1.5536 1.5715 
26 09 90 1.5750 1.5630 1.5650 
27 09 90 1.5730 1.5600 1.5610 
28 09 90 1.5685 1.5600 1.5660 
01 10 90 1.5623 1.5465 1.5580 
02 10 90 1.5608 1.5480 1.5480 
03 10 90 1.5515 1.5405 1.5408 
04 10 90 1.5433 1.5314 1.5320 
05 10 90 1.5555 1.5318 1.5450 
08 10 90 1.5506 1.5315 1.5315 
09 10 90 1.5320 1.5202 1.5238 
10 10 90 1.5330 1.5205 1.5280 
11 10 90 1.5365 1.5135 1.5135 
12 10 90 1.5245 1.5143 1.5240 
15 10 90 1.5275 1.5178 1.5264 
16 10 90 1.5276 1.5080 1.5102 
17 10 90 1.5155 1.5050 1.5090 
18 10 90 1.5111 1.4915 1.4975 
19 10 90 1.5111 1.4915 1.5015 
22 10 90 1.5220 1.4990 1.5175 
23 10 90 1.5235 1.5130 1.5185 
24 10 90 1.5215 1.5055 1.5060 
25 10 90 1.5190 1.5047 1.5175 
26 10 90 1.5210 1.5135 1.5140 
29 10 90 1.5235 1.5065 1.5200 
30 10 90 1.5280 1.5110 1.5147 
31 10 90 1.5210 1.5125 1.5173 
01 11 90 1.5265 1.5015 1.5040 
02 11 90 1.5057 1.4927 1.4927 
05 11 90 1.4970 1.4840 1.4855 
06 11 90 1.4955 1.4840 1.4927 
07 11 90 1.4935 1.4795 1.4890 
08 11 90 1.4965 1.4850 1.4918 
09 11 90 1.4961 1.4865 1.4865 
12 11 90 1.4860 1.4785 1.4785 
13 11 90 1.4812 1.4740 1.4778 
14 11 90 1.4800 1.4710 1.4715 
15 11 90 1.4780 1.4710 1.4751 
16 11 90 1.4805 1.4670 1.4690 
19 11 90 1.4748 1.4665 1.4725 
20 11 90 1.4776 1.4728 1.4730 
21 li 90 1.4820 1.4707 1.4768 
22 11 90 1.4815 1.4745 1.4768 
23 11 90 1.4866 1.4776 1.4855 
26 11 90 1.4935 1.4840 1.4873 
77 
27 11 90 1.4935 1.4840 1.4873 
28 11 90 1.4890 1.4750 1.4865 
29 11 90 1.5075 1.4835 1-5040 
30 11 90 1.5100 1.4945 1.4960 
03 12 90 1.5147 1.4930 1.5135 
04 12 90 1.5148 1.4975 1.5010 
05 12 90 1.5035 1.4920 1.4985 
06 12 90 1.5000 1.4860 1.4885 
07 12 90 1.4892 1.4715 1.4730 
10 12 90 1.4740 1.4625 1.4715 
11 12 90 1.4810 1.4680 1.4780 
12 12 90 1.4795 1.4735 1-4754 
13 12 90 1.4810 1.4730 1.4780 
14 12 90 1.4880 1.4755 1.4815 
17 12 90 1.4895 1.4820 1.4865 
18 12 90 1.4882 1.4755 1.4755 
19 12 90 1.4800 1.4730 1.4775 
20 12 90 1.5120 1.4760 1.5102 
21 12 90 1.5325 1.4980 1.5285 
24 12 90 1.5465 1.5290 1.5435 
25 12 90 1.5430 1.5370 1.5370 
26 12 90 1.5420 1.5290 1.5360 
27 12 90 1.5393 1.5235 1.5265 
28 12 90 1.5270 1.4925 1.4925 
31 12 90 1.5090 1.4880 1-4910 
01 01 91 1.4890 1.4890 1.4890 
02 01 91 1.4877 1.4989 1.4858 
03 01 91 1.4953 1.4854 1.4935 
04 01 91 1.5059 1.4874 1.5045 
07 01 91 1.5170 1.5120 1.5165 
08 01 91 1.5444 1.5290 1.5417 
09 01 91 1.5459 1.5099 1.5365 
10 01 91 1.5360 1.5109 1.5254 
11 01 91 1.5384 1.5189 1.5299 
14 01 91 1.5552 1.5270 1.5439 
15 01 91 1.5475 1.5402 1.5420 
16 01 91 1.5520 1.5400 1.5450 
17 01 91 1.5520 1.5060 1.5080 
18 01 91 1.5218 1.4950 1.4995 
21 01 91 1.5112 1.4870 1.4913 
22 01 91 1.4980 1.4854 1.4950 
23 01 91 1.5015 1.4815 1.4815 
24 01 91 1.4870 1.4795 1.4850 
25 01 91 1.4950 1.4835 1.4900 
28 01 91 1.4913 1.4860 1.4875 
29 01 91 1.4965 1.4814 1.4945 
30 01 91 1.5000 1.4875 1.4883 
31 01 91 1.4915 1.4745 1.4765 
01 02 91 1.4810 1.4655 1.4675 
04 02 91 1.4700 1.4570 1.4620 
05 02 91 1.4654 1.4574 1.4574 
06 02 91 1.4596 1.4478 1.4478 
07 02 91 1.4560 1.4470 1.4553 
08 02 91 1.4620 1.4533 1.4550 
11 02 91 1.4578 1.4425 1.4470 
12 02 91 1.4570 1.4455 1.4550 
78 
13 02 91 1.4650 1.4530 1.4620 
14 02 91 1.4700 1.4620 1.4658 
15 02 91 1.4800 1.4640 1-4780 
18 02 91 1.4844 1-4751 1.4822 
19 02 91 1.4955 1.4722 1.4930 
20 02 91 1.4995 1.4877 1.4955 
21 02 91 1.4998 1.4865 1.4910 
22 02 91 1.5070 1.4837 1.5050 
25 02 91 1.5240 1.5010 1.5196 
26 02 91 1.5290 1.5080 1.5232 
27 02 91 1.5275 1.5170 1.5218 
28 02 91 1.5285 1.5135 1.5240 
01 03 91 1.5395 1.5248 1.5395 
04 03 91 1.5440 1.5305 1.5327 
05 03 91 1.5437 1-5240 1.5432 
06 03 91 1.5490 1.5373 1.5373 
07 03 91 1.5505 1.5360 1.5455 
08 03 91 1.5695 1.5457 1-5690 
11 03 91 1.5865 1.5694 1.5820 
12 03 91 1.5818 1.5638 1.5700 
13 03 91 1.5810 1.5635 1.5725 
14 03 91 1.5850 1.5692 1.5822 
18 03 91 1.6370 1.6012 1.6285 
19 03 91 1.6700 1.6164 1.6460 
20 03 91 1.6631 1.6400 1.6415 
21 03 91 1.6429 1.6235 1.6335 
22 03 91 1.6520 1.6250 1.6470 
25 03 91 1.6870 1.6485 1.6840 
26 03 91 1.6990 1.6807 1.6860 
27 03 91 1.7170 1.6759 1.7050 
28 03 91 1.7215 1.7010 1.7035 
29 03 91 1.7050 1.6920 1.6960 
01 04 91 1.6950 1.6680 1.6680 
02 04 91 1.7010 1.6560 1.6700 
03 04 91 1.6850 1.6630 1.6765 
04 04 91 1.6885 1.6595 1.6685 
05 04 91 1.6870 1.6550 1.6850 
08 04 91 1.6980 1.6850 1.6943 
09 04 91 1.6955 1.6660 1.6665 
10 04 91 1.6870 1.6585 1.6815 
11 04 91 1.6870 1.6660 1.6710 
12 04 91 1.6912 1.6680 1.6825 
15 04 91 1.6858 1.6660 1.6695 
16 04 91 1.6740 1.6585 1.6666 
17 04 91 1.6735 1.6595 1.6669 
18 04 91 1.7085 1.6661 1.7060 
19 04 91 1.7385 1.7020 1.7370 
22 04 91 1.7695 1.7367 1.7579 
23 04 91 1.7670 1.7380 1.7423 
24 04 91 1.7570 1.7315 1.7472 
26 04 91 1.7570 1.7420 1.7520 
29 04 91 1.7837 1.7465 1.7533 
30 04 91 1.7557 1.7040 1.7070 
01 05 91 1.7160 1.6845 1.7095 
02 05 91 1.7300 1.7048 1.7205 
03 05 91 1.7530 1.7110 1.7470 
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06 05 91 1.7475 1.7270 1.7315 
07 05 91 1.7410 1.7145 1.7145 
08 05 91 1.7343 1.7158 1^7315 
09 05 91 1.7468 1.7290 1.7290 
10 05 91 1.7360 1.7215 1.7235 
13 05 91 1.7265 1.7075 1.7135 
14 05 91 1.7230 1.6925 1.6950 
15 05 91 1.7010 1.6820 1.6835 
16 05 91 1.6980 1.6845 1.6940 
17 05 91 1.7415 1.6938 1.7380 
20 05 91 1.7600 1.7255 1.7315 
21 05 91 1.7327 1.7095 1.7120 
22 05 91 1.7250 1.7118 1.7220 
23 05 91 1.7303 1.7110 1.7125 
24 05 91 1.7155 1.7030 1.7035 
27 05 91 1.7041 1.6965 1.7035 
28 05 91 1.7124 1.6920 1.6930 
29 05 91 1.7185 1.6912 1.7135 
30 05 91 1.7225 1.7067 1.7172 
31 05 91 1.7430 1.7165 1.7420 
03 06 91 1.7565 1.7374 1.7475 
04 06 91 1.7545 1.7385 1.7435 
05 06 91 1,7563 1.7410 1.7480 
06 06 91 1.7555 1.7485 1.7520 
07 06 91 1.7730 1.7505 1.7710 
10 06 91 1.7770 1.7665 1.7675 
11 06 91 1.7751 1.7640 1.7738 
12 06 91 1.7942 1.7714 1.7905 
13 06 91 1.8080 1.7892 1.7990 
14 06 91 1.8030 1.7850 1.7940 
17 06 91 1.8007 1.7930 1.7940 
18 06 91 1.8172 1.7940 1.8170 
19 06 91 1.8235 1.7870 1-7900 
20 06 91 1.7980 1.7758 1.7915 
21 06 91 1.8042 1.7920 1.8010 
24 06 91 1.8188 1.7800 1.7820 
25 06 91 1.8005 1.7785 1.7930 
26 06 91 1.7988 1.7820 1.7860 
27 06 91 1.8020 1.7858 1.7942 
28 06 91 1.8164 1.7943 1.8100 
01 07 91 1.8302 1.8080 1.8290 
02 07 91 1.8385 1.8200 1.8345 
03 07 91 1.8348 1.8210 1.8300 
04 07 91 1.8360 1.8269 1.8340 
05 07 91 1.8422 1.8250 1.8250 
08 07 91 1.8263 1.8050 1.8060 
09 07 91 1.8187 1.8075 1.8165 
10 07 91 1.8230 1.8100 1.8130 
11 07 91 1.8365 1.8098 1.8340 
12 07 91 1.8410 1.7855 1.7885 
15 07 91 1.7971 1.7840 1.7914 
16 07 91 1.8026 1.7907 1.8000 
17 07 91 1.8015 1.7875 1.7910 
18 07 91 1.7920 1.7615 1.7745 
19 07 91 1.7760 1.7465 1,7470 
22 07 91 1.7640 1.7430 1.7630 
f 
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23 07 91 1.7725 1.7510 1.7585 
24 07 91 1.7581 1.7305 1.7370 
25 07 91 1.7650 1.7355 1-.7570 
26 07 91 1.7630 1.7323 1.7440 
29 07 91 1.7555 1.7444 1.7472 
30 07 91 1.7550 1.7395 1.7545 
31 07 91 1.7560 1.7399 1.7425 
01 08 91 1.7600 1.7425 1.7560 
02 08 91 1.7675 1.7335 1.7400 
05 08 91 1.7380 1.7165 1.7165 
06 08 91 1.7177 1.7070 1.7095 
07 08 91 1.7210 1.7090 1.7100 
08 08 91 1.7240 1.6997 1.7153 
09 08 91 1.7310 1.7110 1.7285 
12 08 91 1.7340 1.7225 1.7240 
13 08 91 1.7330 1.7210 1.7315 
14 08 91 1.7415 1.7310 1.7373 
15 08 91 1.7530 1.7235 1.7480 
16 08 91 1.7642 1.7463 1.7640 
19 08 91 1.8255 1.7618 1.8235 
20 08 91 1.8265 1.7830 1.7950 
21 08 91 1.8100 1.7350 1.7395 
22 08 91 1.7505 1.7260 1.7310 
23 08 91 1.7535 1.7305 1.7470 
26 08 91 1.7531 1.7453 1.7480 
27 08 91 1.7518 1.7435 1.7500 
28 08 91 1.7610 1.7355 1.7380 
29 08 91 1.7475 1.7299 1.7435 
30 08 91 1.7530 1.7370 1.7465 
02 09 91 1.7485 1.7440 1.7455 
03 09 91 1.7455 1.7355 1.7360 
04 09 91 1.7393 1.7334 1.7360 
05 09 91 1.7412 1.7355 1.7380 
06 09 91 1.7395 1.7140 1.7140 
09 09 91 1.7153 1.6900 1.6935 
10 09 91 1.6980 1.6857 1.6920 
11 09 91 1.7008 1.6875 1.6875 
12 09 91 1.6915 1.6770 1.6835 
13 09 91 1.6975 1.6800 1-6890 
16 09 91 1.6920 1.6705 1.6740 
17 09 91 1.6765 1.6664 1.6725 
18 09 91 1.6935 1.6725 1.6845 
19 09 91 1.6920 1.6828 1.6870 
20 09 91 1.6985 1.6825 1.6845 
23 09 91 1.6830 1.6685 1.6725 
24 09 91 1.6880 1.6640 1.6874 
25 09 91 1.6885 1.6767 1.6800 
26 09 91 1.6890 1.6750 1.6860 
27 09 91 1.6915 1.6695 1.6695 
30 09 91 1.6672 1.6580 1.6660 
01 10 91 1.6705 1.6655 1.6683 
02 10 91 1.6685 1.6603 1.6655 
03 10 91 1.6683 1.6585 1.6625 
04 10 91 1.6850 1.6605 1.6775 
07 10 91 1.6815 1.6730 1.6790 
08 10 91 1.7065 1.6783 1.7040 
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09 10 91 1.7150 1.6870 1.6900 
10 10 91 1.6990 1.6828 1.6940 
11 10 91 1.7035 1.6870 1-6880 
14 10 91 1.7005 1.6891 1.7005 
15 10 91 1.7135 1.7005 1.7131 
16 10 91 1.7128 1.7000 1.7055 
17 10 91 1.7071 1.6940 1.6955 
18 10 91 1.6979 1.6860 1.6870 
21 10 91 1.6933 1.6844 1.6920 
22 10 91 1.6995 1.6917 1.6975 
23 10 91 1.7113 1.6978 1.7110 
24 10 91 1.7108 1.6915 1.6990 
25 10 91 1.7024 1.6935 1.7010 
28 10 91 1.7206 1.6991 1.7178 
29 10 91 1.7193 1.6815 1.6861 
30 10 91 1.6895 1.6680 1.6705 
31 10 91 1.6780 1.6662 L 6 7 1 0 
01 11 91 1.6717 1.6440 1.6440 
04 11 91 1.6473 1.6287 1.6390 
05 11 91 1.6465 1.6355 1.6385 
06 11 91 1,6455 1.6300 1.6355 
07 11 91 1.6430 1.6260 1.6430 
08 11 91 1.6505 1.6395 1.6450 
11 11 91 1.6525 1.6380 1.6393 
12 11 91 1.6404 1.6318 1.6395 
13 11 91 1.6433 1.6317 1.6320 
14 11 91 1.6340 1.6263 1.6303 
15 11 91 1.6380 1.6175 1.6175 
18 11 91 1.6133 1.5995 1.6108 
19 11 91 1.6123 1.5910 1.5982 
20 11 91 1.6065 1.5970 1.5980 
21 11 91 1.6061 1.5945 1.6000 
22 11 91 1.6035 1.5790 1.5840 
25 11 91 1.5895 1.5789 1.5892 
26 11 91 1.6250 1.5789 1.6110 
27 11 91 1.6190 1.6015 1.6163 
28 11 91 1.6198 1.6110 1.6160 
29 11 91 1.6369 1.6161 1.6230 
02 12 91 1.6175 1.6046 1.6120 
03 12 91 1.6165 1.6070 1.6075 
04 12 91 1.6160 1.5980 1.5980 
05 12 91 1.5985 1.5855 1.5855 
06 12 91 1.5873 1.5665 1.5665 
09 12 91 1.5780 1.5680 1.5736 
10 12 91 1.5852 1.5625 1.5800 
11 12 91 1.5945 1.5755 1.5768 
12 12 91 1.5843 1.5730 1.5831 
13 12 91 1.5911 1.5740 1.5890 
16 12 91 1.5925 1.5740 1.5740 
17 12 91 1.5788 1.5675 1.5705 
18 12 91 1.5765 1.5670 1.5695 
19 12 91 1.5770 1.5565 1.5580 
20 12 91 1.5585 1.5300 1.5340 
23 12 91 1.5340 1.5065 1.5180 
24 12 91 1.5250 1.5130 1.5210 
25 12 91 1.5195 1.5117 1.5117 
82 
I 
26 12 91 1.5110 1.5050 1.5070 
27 12 91 1.5205 1.5032 1.5185 
30 12 91 1.5235 1.5160 1'.5170 
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